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ABSTRACT 
The European corn borer (ECB) significantly affects the production of maize in 
temperate regions. Second.-generation ECB larvae tunnel into the stalks leading to 
reduced plant growth and grain yield. Several inbreds such as B52, DE81 1, and B86 have 
been identified as resistant to tunneling. However, selection for native resistance is 
difficult because the genetic mechanisms controlling the trait are unknown. 
Backcross (BC) lines derived from B73/B52 and B73/DE811 populations were 
developed and selected for reduced tunneling by ECB. Phenotypic analysis of the BC 
lines was performed to assess their degree of resistance with respect to the parental lines. 
Genotypic analysis of the BC lines was accomplished by use of simple sequence repeat 
(S SR) primer pairs. This analysis included the investigation of the origin of chromosomal 
segments, estimation of parental contribution, construction of graphical genotypes, 
detection of loci associated. with resistance and their comparison with quantitative trait 
loci (QTL) reported by other researchers. For the B73/B52 population, 19 of the 34 BC 
lines were as resistant as B52 and 1 BC line was as susceptible as B73. No correlation 
was found between stalk tunneling and either plant height or anthesis date. The 
proportion of B52 alleles in the genome of the BC lines was 2.9 to 5.2 times greater than 
expected assuming absence of selection and linkage. Nineteen loci could be associated 
with resistance. However, only 5 of them coincided with QTLs reported in other studies. 
Tor B73/DE811 population., 1 of the 6 BC lines was as resistant as DE811. Percentage of 
damage caused by ECB and anthesis were significantly correlated (- 0.74). The 
proportion of DE811 alleles was 2.3 to 8.8 times greater than expected under the cited 
assumptions . 
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CHAPTER 1. GENERAL INTRODUCTION 
Thesis organization 
This thesis includes three chapters, a literature review and two manuscripts. The 
literature review (Chapter 1) reports the importance of the European corn borer for maize 
production and the main aspects of the insect life cycle, damage, artificial selection and 
genetic components of resistance in maize. A description of the basis for the use of simple 
sequence repeats (S SRs) and the construction of graphical genotypes were included in order 
to provide additional information of the DNA techniques applied in this research. The 
manuscripts report the phenotypic (Chapter 2) and genotypic (Chapter 3) analyses of maize 
inbreds selected for improved resistance to stalk tunneling by ECB. Both chapters include 
introduction, materials and. methods, results, and discussion. References are listed separately 
for each chapter. 
Literature Review 
Overview 
The European Corn. Borer (ECB), Ostrinia nubilalis (Hubner), significantly affects 
the production of maize (Zea mays) in the United States and other temperate regions of the 
world. Yield losses and control expenditures as a consequence of the damage caused by this 
pest are significant (Klenke et al., 1986; Mason et al., 1996). Native resistance to ECB is 
limited. and difficult to maintain in elite gerrnplasm for many reasons such as the undefined 
genetic control and mechanisms of resistance and a lengthy and laborious selection procedure 
(Guthrie, 1989; Melchinger et al., 1998). 
ECB cycle and damage 
The ECB usually have 2 generations per year in Iowa (Dicke, 1977). Each generation 
consists of 4 stages of development: eggs, larvae (subdivided in 5 instars), pupae and adult. 
As fill-grown larvae, ECB survive the winter in maize stalks, cobs and weed stems. During 
the spring, when the temperature reaches a minimum of 5 0° F, the diapaused larvae complete 
their development and reach the adult stage. The moths emerge and fly to nearby areas 
1 ool{i ng for proper conditions for resting and mating. After mating, females deposit eggs on 
different hosts. When the target crop is maize, females are attracted to the tallest fields where 
eggs are normally deposited on the basal two-thirds of the leaf blade near the midrib on the 
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underside. This generation of larvae (i.e. first generation) feed on the leaf blades, leaf sheath 
or unexpanded leaves of the whorl and tunnel into the midrib of the leaves, pupate, and 
emerge as adults. These moths will lay eggs on maize plants and on other hosts to produce 
the second-generation of ECB of that growing season. The new larvae feed on sheath and 
collate tissue. By the fourth instar, the majority of larvae tunnel into the stalk and ear shank 
causing the most significant damage (Dicke, 1977; Mason et al., 1996) 
I n general, no correlation has been found between leaf feeding damage .caused by the 
first generation of ECB and. stalk and shank tunneling caused by the second generation of 
ECB (Pesho et al., 1965; Guthrie et al., 1989). 
The damage caused by ECB can be classified in three groups: physiological damage 
or decrease the ability of plants to produce its maximum yield of grain due to a reduction in 
photosynthetic area and damage in conductive tissues; physical damage or increase of stall 
and- sham{ breakage and, as a consequence, lost of ears and difficulties in harvest; and 
pathological damage or infection by secondary pathogens in injured sites causing stalk and 
ear rots. 
Genetic components of resistance 
Pesho et al. (1965) and Guthrie et al. (1971) evaluated second-generation ECB 
resistance in more than 100 inbred lines (many of them highly resistant to first-generation 
ECB) . The evaluation of damage caused by an adequate rate of ECB artificially applied at 
anthesi s of the plants gives a good estimate of resistance against this pest. The application 
should. be complemented by the measurement of an adequate variable such us tunneling 
caused by ECB, rating of damage, etc (Pesho et al., 1965; Mason et al., 1996). One highly 
resistant line, B52, was identified. Most of the inbreds were highly susceptible and a few of 
them were interinedi ate . 
Some sources of genetic resistance have been identified but the genetic components 
of native resistance have not been clearly defined. Diallel studies have reported additive gene 
action conditioning resistance: the mean squares for general combining ability (gca) effects 
exceeded the mean squares for specific combining ability (sca) effects by tenfold indicating 
the relative importance of additive genetic effects to nonadditive genetic effects in the set of 
inbreds and crosses used in these experiments (Jennings et al., 1974). Moreover, data from 
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this research support the idea that an evaluation of inbreds per se would give a good 
prediction of the resistance in hybrid combinations. Evidence to support this hypothesis was 
given by correlation coefficients between parental means and parental cross means ranging 
from 0.82 to 0.96. A maj or portion of the total genetic variance calculated from Design III 
and S 1 progeny analysis was due to additive genetic variance (Scott et al., 1967; Jennings et 
al., 1.974). 
Genetic factors for ECB resistance have been mapped using whole-arm chromosomal 
translocations studies with inbred line B52 (Onukogu et al., 1978). They reported that B52 
contains genes for resistance to ECB on the long arms o~f chromosomes 1, 2, 4 and 8, and on 
the short arms of chromosomes 1, 3 and 5. This result led them to support the idea that 
resistance to sheath-collar feeding by ECB is polygenic. Several quantitative trait loci 
(QTLs) for resistance were found in chromosomes of the populations B73 x B52 and B73 x 
DE81 1 (Schon et al., 1993 ; Cardinal et al., 2001; Krakowsky et al., 2002). Seven QTLs were 
found. by Schon et al. (1993) in a B73/B52 F2;3 population explaining 3 8% of the phenotypic 
variation. Cardinal et al.(2001) detected 9 QTLs using RILs derived from the same 
population. Around 59% of the variation was explained by those QTLs. Using F3 lines 
derived from B73/DE81 1, Krakowsky et al. (2002) detected 7 QTLs explaining 42% of the 
phenotypic variation. 
B73 is an inbred line that has been widely used in maize breeding programs but it is 
highly susceptible to ECB . It was registered in 1972 by W. A. Russell as an inbred line 
selected from an advanced recurrent selection population of Iowa Stiff Stalk Synthetic 
(BSSS), having per se high grain yield as well as in hybrid combinations. The origin of B52 
i s not fully known because such records do not exist. However, Lee et al. reported that came 
f1011~ l~l". G. F. Sprague's nursery in 1952 (www.agron.1111ssouri.edu).The source population 
has not been established. In its first hybrid performance tests, it was not outstanding. 
However, an evaluation for second-generation ECB resistance identified B52 as having the 
lowest levels of damage among hundreds of inbreds. DES 11 is a yellow dent inbred line 
developed at the University of Delaware and registered by J. A. Hawk in 1985. It originated 
from the single cross of B68 to an unnamed inbred line derived from a population developed 
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by cross of other three inbreds (B37 Ht, C 103 and Mp3204). DE811 shows resistance to both 
generations of the ECB . 
Current efforts to incorporate a gene for the Bt protein have provided farmers with 
maize hybrids that are highly resistant to ECB. For this, a gene encoding for a protein that 
kills ECB larvae (and other Lepidoptera larvae) was isolated from Bacillus thu~~ingiensis and 
incorporated in different strains of maize (Cannon, 2000). However, the controversies 
generated by transgenic plants and the unknown durability of the resistance conferred by the 
Bt gene suggest that enhance native resistance remains as a main goal to achieve (Gould, 
1986). 
Artificial Selection for Resistance 
Infestation with ECB eggs or larvae and selection for resistance to leaf feeding and 
sheath-collar feeding have been effective in the improvement of stalk lodging in maize 
populations (Klenke et al., 1.986). Progress in maize breeding for resistance to ECB has been 
possible in the last 30 years due entirely to the possibility of artificial rearing of this insect. 
At present, both public and. private researchers are rearing ECB on artificial diets for host 
plant resistance studies. In order to screen maize germplasm for resistance to the second-
generation ECB, an adequate amount of larvae are applied in the leaf axil of the leaves 
surroulzding the ear during anthesis (Pesho et al., 1965; Guthrie et al., 1978). 
Phenotypic and genotypic correlations between tunneling and cavity counts showed 
that these measures can be used to screen genotypes of maize for resistance to second-
generation ECB 45 to 60 days after application of the insects (Guthrie et al., 1978). Those 
screening methods were successfully used in recurrent selection programs to improve stalk 
quality. For example, four cycles of recurrent selection to improve resistance to second-
generation ECB in BS9 maize synthetic were evaluated by Klenke et al. (1986) using cavity 
counts and a 1 to 9 rating scale as variables. They found a significant increase of resistance 
from BS9C0 to BS9C4. However, grain yield decreased indicating a negative correlation 
between the two variables. Barry et al. (1983) conducted recurrent selection for resistance to 
second.-generation ECB using maize composite PR-Mo2. The length of tunnels caused by 
:ECB larvae was used as the criterion for selection. After 3 cycles of selection, stalk tunnel 
length decreased between 5.3 and 12.7 %per cycle respect to the initial damage at cycle 0. 
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Correlations between ECB tunneling and other traits were also studied. ECB 
tunneling is not significantly correlated with anthesis (-0.138) or plant height (0.075) in 
B73/B52 RILs. However, some QTLs for resistance and anthesis date were mapped in 
similar pOS1t1o11S. Such a result suggests that the two traits can share genetics factors due to 
linkage or pleiotropy (Cardinal et al., 2001). In B73/DE811 F3 lines, anthesis was associated 
(-0.3 6) with the expression. of resistance to stalk tunneling (Krakowsky et al., 2002). No 
correlation was found between anthesis date and damage caused by ECB (data not reported) 
in BS9 population (Klenke et al., 1986). However, when inbred lines of multiple origins were 
evaluated for ECB resistance, a positive significant correlation (0.46) was found between 
earliness (days to silking) and damage caused by ECB (Hudon and Chiang, 1991; Melchinger 
et al., 1998), and a negative correlation (-0.40) between plant height and ECB damage 
(Melchinger et al., 1998). This latter correlation may be partly biased due to the fact that 
ECB damage and plant height could be associated with maturity: the- length of the cycle from 
planting to physiological maturity may have influence on the vigor of the maize plants and 
vigorous plants are likely to show increased tolerance to ECB. 
Information about mechanisms of resistance to second-generation ECB is limited. 
Most efforts have been concentrated on finding plant chemicals that would either inhibit or 
reduce ECB larvae establishment. DIMBOA (2,4-dihydroxi 7-methoxi 1,4-benzoxazin 3 -one 
aglucone) showed favorable effects over first-generation ECB but has a minor role in the 
resistance to second-generation ECB (Klun and Robinson, 1969). Silica content of leaf 
sheath. is negatively correlated with stalk tunneling (Rojanaridpiched, 1984). Coors (1987) 
showed that 60% of the variation in the number of tunnels measured in 14 inbred lines was 
associated with silica content of leaf sheath. Also high levels of lignin, neutral detergent 
~~iber, acid detergent fiber, cellulose and helnicellulose have been positively correlated with 
resistance to the second-generation ECB (Rojanaridpiched, 1984; Coors, 1987). 
Extensive screening of maize materials in the U. S . Corn Belt has led to the 
identify cation of inbreds showing resistance to first or sometimes to second generation ECB . 
Soll~e of them are inbreds :1352, DE81 1, Mo45, Mo46, Mo47 and B86 (Guthrie et al., 1989; 
1Vlelchinger et al., 1998). 
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Simple Sequence Repeats in Maize 
Simple sequence repeats (SSRs) are DNA sequences that consist in tandem arrays of 
a repeating unit of a short sequence (e.g. ATATATAT). There are many possible classes of 
repeats. At a given position in a genome, SSRs of a particular DNA sequence may vary in the 
number of repeating units among different genotypes. However, the number of units is 
inherited in an acceptably stable manner (Akkaya et al., 1992). SSRs are often located within 
the transcribed regions of genes and their functions) have not been established in many 
instances. 
To detect variation or polymorphism for a given SSR, first it is necessary to 
synthesize polymerase chain reaction (PCR) primers that will recognize unique DNA 
sequences in order to start amplification of the SSR. The primers for a given SSR are 
synthesized on the basis of the knowledge of the sequence of the DNA that flanks that SSR 
in the target genome. They are 25-30 base-pairs long. According to Maize DB 
(www.a~ron.missouri.edu), 1855 SSR primer pairs are currently available for maize. A 
primer i s synthesized for both flanking sequences to give a "forward" and a "reverse" primer, 
one for each strand of the template DNA of the target genome. A specific pair of primers is 
needed for each SSR locus to be monitored and it is usually very specific for the targeted 
SSR 1 ocus, thus a pair of primers will amplify only one region of the genome. Different 
protocols (e.g. Senior et al., 1996) may be followed in order to obtain PCR amplification 
products. The length in base pairs of the SSR's amplification products may vary among 
genotypes. The variability in the number of repeat units is the basis of observed 
polymorphism because the longer products will migrate more slowly than shorter products 
when they are subjected to electrophoresis in high grade agarose gel (Metaphore). 
Amplification products are revealed by ethidium bromide staining and a transilluminator 
associated to a Polaroid camera and digital equipment (Alpha ImagerTM 2000) for 
counterchecking. Complete resolution of allele sizes can not be accomplished by this method 
althot~lgh sufficient polymorphism is frequently revealed using a SObp DNA control. 
As SSRs are codominant molecular markers, individuals that are homozygous at an 
SSR 1 ocus will. reveal one band in the gel. That band will be composed by amplification 
products of unique size because both homologs contain the same number of repeats at that 
locus. Contrarily, individuals that are heterozygous will reveal two separate bands (two 
different sizes of amplification products) in the corresponding lane of the gel. 
Construction of graphical genotypes 
Retrospective analyses of selection programs with DNA marker loci nay be another 
means of locating and ultimately identifying genes associated with variation of a trait. With 
the advent of DNA marker technology, it has become possible to determine the genotype of 
an individual at many genetic loci simultaneously (Young and Tanksley, 1989). Genetic 
maps have been developed. for a wide variety of organisms including several crops (Tanksley 
et al., 1988; Burr et al., 1988). These maps and markers can be used to examine the genotype 
of an individual at many, sometimes hundreds of loci. Such an analysis makes it possible to 
deduce the most probable genetic constitution of regions throughout the entire genome in a 
given individual. 
A graphical genotype describes an entire genome in a single graphic image (inferred 
from RFLP data, SSR data, etc.) and thus would show the genomic constitution and the 
parental derivation for all points in the genome. For that, the primary goal would be to 
translorin molecular marker data into a graphic image. In other words, numerical genotype 
data wi 11 be expressed in a graphical form known as graphical genotype which portrays the 
parental origin and allelic composition throughout the genome. This concept should be useful 
in whole genome selection for polygenic traits in plants (Tanksley and Hewitt, 1988). 
I n order to construct a graphical genotype, awell-populated linkage map for the 
population must be available. The primary assumption required for the development of 
graplli cal genotypes i s that the genotype of a region between two loci is inferred from the 
genotypes of the loci that delimit the interval. The simplest configuration requiring the fewest 
number of crossover events between the two markers is considered. In practice, this means 
that i ~~ two consecutive loci have the same genotype, the genotype of the segment between the 
markers is inferred to be that of the two flanking markers. When two adjacent loci have 
diffehe~lt origins, it is inferred that a crossover event has taken place between them. Double 
crossovers in a given interval will falsify this inference. However, Young and Tanksley 
(1989) showed that a graphical genotype can be more than 99% correct in describing a 
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genome of total size of 1000 cM with restriction fragment length polymorphism (RFLP) 
markers located every 10 cM. 
Fahr et al. (1993) investigated the origin of chromosome segments of maize inbred 
1 ine B 8 6 from its parental i ~lbreds B 52 and Oh43 . They selected B 8 6 because it combines 
resi stance to ECB from B 5 2 with the favorable agronomic performance of Oh43 . Then, they 
constructed graphical genotypes using RFLP data. Patterns in B86 observed at loci on 
chromosomes 3, 4, 5, 6 and 10 originated mostly from B52, whereas those on chromosomes 
1, 2, 7, 8 and 9 originated mostly from Oh43. Averaged across the whole genome, B86 
inherited 51.3% of the alleles defined by RFLP from B52 and 48.7% from Oh43. 
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CHAPTER 2. PHENOTYPIC ANALYSES OF MAIZE INBREDS 
SELECTED FOR IMPROVED RESISTANCE TO STALK TUNNELING 
BY THE EUROPEAN CORN BORER 
Introduction 
The European Corn. Borer (ECB), Ostrinia nubilalis (Hubner), significantly affects 
the production of maize (Zca .mays) in the United States and other temperate regions of the 
world (Scott et al., 1967). The ECB usually has 2 sexual generations each year in Iowa 
(Dicke, 1977). Moths of the first generation ECB hatch and deposit their eggs on maize 
plants before anthesis. When larvae from second generation ECB emerge, they feed on 
pollen and leaf sheaths before entering the stalk as fourth instar larvae (Dicke, 1977; Mason 
et al., 1.996). The damage caused by ECB larvae is tunneling in the stalk and ear shank. This 
leads to reduced plant growth and grain yield due to damage in conductive tissues. Weakness 
of the stalk increase plant breakage. As a consequence, grain yield losses from dropped ears. 
Also, damaged plants show increased susceptibility to secondary pathogens causing stalk and 
ear rots (Mason et al., 1996). 
An improvement in the resistance to second generation ECB has been achieved by 
exploiting the native genetic variation in the germplasm (Duvick, 1992; Melchinger et al., 
1998). Several inbred lines were selected based on reduced stalk tunneling by ECB such as 
B52, DE81 1, B86 and Mo46 (Guthrie et al., 1989; Barry et al., 1995). However, native 
resistance to ECB is limited. and difficult to maintain in elite germplasm for many reasons 
such as the undefined genetic control and mechanisms of resistance and a lengthy and 
laborious selection procedure (Guthrie, 1989). 
Several studies suggested a polygenic inheritance of the resistance to second 
generation ECB and an additive gene action conditioning this trait (Scott et al., 1967; 
,leanings et al, 1974). Nine genetic factors for ECB resistance have been mapped using 
whole-arm chromosomal translocations (Onukogu et al., 1978). Later, several QTLs for 
resistance were located to chromosomes in populations B73/B52 and B73/DE811 (Schorr et 
al., 1993; Cardinal et al., 2001; Krakowsky et al., 2002). The polygenic nature of the trait and 
the additive gene action have made it possible to achieve higher levels of resistance in 
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breeding populations by using recurrent selection programs (Jennings et a1., l 974; Barry et 
al., 1983; Klenke et al., 1986). 
Some traits could affect the assessment of resistance to ECB. Plant height may 
determine the amount of tunneling observed (Melchinger et al., 1998) leading to selection of 
taller or shorter plants. However, no correlation was found between plant height and 
tunneling by ECB in B73/B52 (Cardinal et al., 2001) and B73/DE811 (Krakowsky et al., 
2002) populations. Anthesi s date may affect the evaluation of resistance to ECB because 
larval survival depends on pollen availability (Dicke, 1977). Cardinal et al. (2001) reported 
lack ofd correlation between anthesis date and tunneling in the B73/B52 population. However, 
Krakowsky (2001) found a strong linear association between both traits in B73/DE811. 
Plant chemicals such as DIMBOA (2,4-dihydroxi 7-methoxi 1,4-benzoxazin 3-one 
aglucone) have shown favorable effects over first-generation ECB but have a minor role in 
the resistance to stalk tunneling (Klun and Robinson, 1969). Cell wall components could 
have an influence on the resistance to ECB in certain maize germplasm as well (Krakowsky 
et al., 2002). Silica content of leaf sheath is negatively correlated with stalk tunneling 
(Roj anaridpiched, 1984; Coors., 1987). High levels of lignin, neutral detergent fiber, acid 
detergent fiber, cellulose and hemicellulose have been positively correlated with resistance to 
the second-generation ECB (Roj anaridpiched, 1984; Coors, 1987). 
In this study, backcross (BC) lines derived from two populations, B73/B52 and 
B73/DE81 1, were evaluated for resistance to stalk tunneling by ECB in two independent 
experiments. B73 is an inbred line resulting from recurrent selection of Iowa Stiff Stalk 
Synthetic (B S S S). The inbred is highly susceptible to ECB . B 52 and DE811 are inbred lines 
with poor grain yield but intermediate and high resistance to ECB. The BC lines were 
developed through backcrossing (see Materials and Methods) in which artificial infestation 
with LCB larvae and selection for resistance were accomplished in each generation. The 
objectives of this research were to assess the phenotype for resistance to ECB of BC lines 
from. B73/B52 and B73/DE811 populations, to compare BC lines to inbred lines B73, B52, 
DE811 and B86 (a relative of B52), and to study traits that could influence the assessment of 
resistance such as date of Dowering and plant height. Results of these experiments will be 
conditioning the genotypic analysis of the BC lines and the construction of graphical 
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genoty~~es in order to investigate the efficiency of phenotypic selection for ECB resistance 
practiced during a breeding process. 
Materials and methods 
.Development of populations 
Two single-cross populations were created, B73/B52 and B73/DE81 1. The inbred 
line I373 is more susceptible to stalk tunneling by ECB and represents elite germplasin 
cultivated in the USA (Guthrie et al., 1978). The inbred lines B52 and DE811 are more 
resistant to stalk tunneling by ECB but they have low to intermediate performance for grain 
yield and other traits important to maize production in the USA (Guthrie et al., 1978; Hawk, 
19 8 5) . In each population the F 1 (i. e. hybrid) genotype was self-pollinated to create the F2 
generation. F2-generation plants, 1200 per population, were self-pollinated, artificially 
infested. with ECB and evaluated for stalk tunneling. Approximately 120 plants (and their F3-
generation progeny) per population, those with the least tunneling and self-pollinated seed, 
were selected. Each F 3 -generation family was planted as one row of plants from each self-
pollinated ear from the F2-generation plants. Each row was pollinated with B73, artificially 
infested with ECB at antllesis and evaluated for tunneling. One or two ears of the F3-
generation rows that exhibited the least tunneling were selected and used. to plant one row per 
selected. ear in the next season. This pattern of continuous backcrossing and selection was 
accomplished for 3 generations using B73 as the male recurrent parent. After the third 
bacl{cross, the selected ears were grown in unreplicated single rows in the nursery where the 
plants were self-pollinated, artificially infested with ECB at anthesis and selected by 
identifying the rows with the least tunneling. One or two ears were selected from those rows. 
This process of self-pollination and selection was repeated for 4 or more generations (see 
Pedigrees in Tables 2.1 and. 2.12). Finally, 6 BC3-F5:6 lines were obtained from B73/DE811 
population and 3 4 B C 3 -F 5 : 6 from B 73 /B 5 2 population and were used in these experiments . 
.Field Experiments 
Two independent experiments were conducted, one experiment for BC lines derived 
from_ I373/B52 population, and another for BC lines derived from B73/DE811. The lines of 
each population were grown in a randomized complete block design with two replications at 
two locations near Ames, IA, the Agronomy and Agricultural Engineering Research Center 
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(AAI~RC) and the Idea Farm in 2002. In both experiments, the original parents (B73 and 
B52, or B73 and DE811) were included. Inbred line B86 was also planted in the B73/B52 
poptll anon experiment because it is a relative of B 52 and it is considered to be relatively 
resista~lt to stalk tunneling by ECB (Russell and Guthrie, 1979). Seventeen kernels treated 
with fungicide of each entry were planted in 3.5 m single-row plots, with 0.76 m between 
rows. rl-,he plant density was reduced to 12 units per row when the plants had 3 or 4 leaves 
completely developed. When 50 % of the lines reached anthesis (i.e. pollen shed), 6 plants 
per :row were infested with ECB larvae at a rate of 50 to 60 larvae per application. Each plant 
received 2 applications in the leaf axil of the top ear, 2 in the two subsequent nodes above the 
top ear and 2 in the two nodes below the top ear for a total of 300 to 400 larvae per plant. The 
infestation with. ECB larvae was performed during two consecutive days. The anthesis date 
was recorded for each plot in both locations as the number of days from the planting until the 
date when 50% of the plants in a plot are shedding pollen. Then, this variable was 
transformed in growing degree days (GDD) units for analysis. The GDD required to reach 
anthesis were calculated as: 
~~ 
UDD=~(TA —TB)x~t =y~~ 
where r~~ is the average of daily maximum (Tmax) and minimum (Tmin) air temperatures; TB
is a base temperature below which development is assumed to cease; m is date of planting; n 
is date of anthesis; and t is the time between planting and anthesis measured in days (Wang, 
1960). In maize, the T~ for the entire period from planting to maturity is usually set at 10°C. 
In addition, temperatures below 10°C and above 30°C are assumed to be ineffective for 
devel c~pment anal Tmax values above 3 0°C are set to 3 0°C and Tmin values below 10°C are 
set t~ 0°C (Cross and Zuber, 1972). Fifty days after anthesis and larvae application, the 
infested plants were cut at the upper node and soil level. The leaves were discarded and the 
stalks were measured to the nearest centimeter. The stalk length of each infested plant was 
recorded and the average of the 6 plants/plot was considered as plant height for each 
genotype. Measuring plant height as length of the stalk minimizes errors such as obtaining a 
length of tunnels greater than plant height. Once measured, the stalks were split 
longitudinally with a saw. Chunneling by ECB was measured with a ruler to the nearest 
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centimeter and the average of the 6 plants per plot was used for data analyses. Cavities 
caused by ECB without development of tunnels were considered as 0.5 cm each and parallel 
tunnel s were measured as only one. In this way, the maximum tunnel length could be as long 
as the length of the stalk. Secondary infections caused by fungi and bacteria were not taken 
into account. 
As significant difference for plant height was observed among the lines, the 
assesslllent of the resistance to ECB by an absolute measurement such as tunnel length may 
not be appropriate because the same level of tunneling would indicate more damage in 
shorter than in taller plants. As a consequence, a variable was created for the assessment of 
resistance based in the proportion of the length of the stalk affected by ECB tunneling. This 
variable is called the percentage of damage (% of damage) in this research and its values 
were obtained as (tunnel length/plant height) x 100. Commonly, the use of data in the form of 
percentages (% of damage i n this research) does not fulfill some of the assumptions of the 
analys s of variance (ANOVA) such as equal variances or normal distribution for the error 
component. For this reason, the data were transformed using the natural logarithm of % of 
dam-age. Each data point was re-calculated as ln(% of damage/ 100) for later analyses. A 
comparison of the analyses performed with transformed and untransformed data is included 
in Results section of this chapter. 
Leaf tissue samples were obtained as a source of DNA used in the genotyping of 
each. 1 lle with microsatellites. Each sample was collected from 6 plants per genotype grown 
ill the experiments at AAERC. Thirty days after planting, a pooled leaf sample for each line 
was harvested, lyophilized, ground and stored in a freezer at -20° C for further DNA 
extraction (see Chapter 3) . 
Analysis of phenotypic data 
There were four comparisons of interest. The stalk tunneling in B52 (resistant parent) 
was compared with the damage present in BC3-F5:6 lines related to B52. Similarly stalk 
tunneling in DE811 (resistant parent) and tunneling in BC3-F5:6 lines related to DE81 L The 
comparison of damage in 1386 and BC3-F5:6 lines related to B52 provided a second control 
in B 7 ~ B 5 2 population. Finally, tunneling in B 73 (susceptible parent) versus tunneling in 
BC3-1~ 5:6 lines (selected for resistance). The objective of this last comparison was to 
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determine whether or not the level of ECB larvae infestation was enough to differentiate the 
susceptible from the resistant genotypes. All the BC lines have been selected for resistance to 
ECB during their development; so, significant difference in % of damage respect to B73 was 
already expected. 
Two experiments Were conducted: one experiment used a RCBD with 2 replications 
at 2 1 ocations, where tunneling, plant height, anthesis date and % of damage were measured 
in BC lines derived from B73/DE81I population. B73 and DE811 were considered as the 
susceptible and resistant controls respectively. The second experiment used the same design 
with QC lines derived from B73/B52 population. B73 and B52 were the susceptible and the 
resistant controls. Also B86 was included because of its close relationship with B52. 
The statistical model for each RCBD experiment at one location is: 
Y;.i - h + a~ ~ ~~ ~ ~a~)~~ 
Where ~ =overall mean 
d; = t11e i t" block effect 
~~ = th e j t~' genotype effect 
(aI~ );j = the block x genotype interaction effect 
Considering blocks as random factors and entries (genotypes) as fixed factors, then 
the NOVA table for each experiment is: 
Source df EMS 
Blocks I -1 j 62b 
Genotypes J-1 Q2 + i~g
Block x genotypes (I-1) (J-1) Q2
Analyses of variance for the experiments combined across locations were performed 
for all the variables as well. In this case, the statistical model for each RCBD experiment is: 
Where ~! =overall mean 
W; = the i t'' location effect 
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q~~;~ = the j t~' block effect within the i t~' location 
~k = the k `~' genotype effect 
(WI~~;k =the location x genotype interaction effect 
£;~k =the error term for the ijk t~' observation 
The ANOVA table for the combined experiment is: 
Source df EMS 
Locations I-1 k Q2b + jk Q2i
Blocks/Loc I (J-1) k Q2b 
Genotypes K-1 62 + j 62ig + ij Ng
Loc x genotypes (I-1) (K-1) Q2 + j Q2ig
Pooled error I (J-1) (K-1) Q2
The entries or genotypes were considered as fixed factors because they were selected 
and. each line is a specific genotype of interest. Locations and blocks were considered 
random. factors. The data analyses were performed with SAS program (Proc GLM). The least 
significant difference (LSD) was used for comparison of the phenotype between BC lines 
and parental inbreds. 
In order to determine whether or not anthesis date or plant height influenced the 
assessment of the resistance to ECB in both populations, the associations between these 
variables and % of damage were calculated using correlation and least square regression. The 
data analyses were performed with SAS program (Proc CORK, Proc REG and Proc GLM) 
for each location and for the experiments combined across locations. 
Results 
Backcross lines derived from the B73/B52 population 
Five variables were measured for B73, B52, B86 and each of the backcross derived 
lines (Table 2.1) in B73/B52 population. Tables 2.2, 2.3 and 2.4 show the means for GDD 
units and days to 50% of a~zthesis, plant height, tunneling and % of damage observed in 
AAERC, Idea Farm and combined across locations respectively. According to these mean 
values of anthesis and plant height, as well as the pedigrees and the selection process 
performed during the development of the lines, it is possible to say that the BC lines assayed 
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in this study are well adapted to the agronomic conditions of the area where the experiments 
were conducted. Both parental inbreds and the BC were developed and selected for numerous 
seasons under the natural conditions of the geographic region of the AAERC supporting the 
previous idea. 
The two measurements of plant damage caused by ECB show significant variability 
among genotypes: B73 (susceptible parent) has the highest mean for tunneling and % of 
damage, B52 (resistant parent) has the lowest levels and the BC lines have intermediate 
means for both. variables. 
The analyses of variance presented in Tables 2. S a, 2. Sb and 2. S c, show significant 
differences among genotypes for GGD units from planting to 50 % of anthesis (P<o.0001). 
Although the accumulated amount of GDD units necessary to reach anthesis was lower at the 
AAERC than at the Iden Farm, the rank of the means for each genotype was consistent. 
Therefore, there is significant difference between location means but the interaction location 
x genotype is not significant (P = 0.5647). Similar results can be observed for plant height 
(Tables 2.6a, 2.6b and 2.6c). There are significant differences among genotypes (P<o.0001) 
at each location and for the combined analysis. Moreover, plants of the same genotype are 
higher at the AAERC and. the interaction location x genotype is not significant (P=o.23 80). 
Table 2.7 shows the GDD and plant height means ordered in a descendent fashion and the 
least significant difference (LSD) for each trait. Only 2 groups defined by the LSD are 
reported per variable. Therefore, this coincides with the idea that genetic additive effects are 
the main gene action governing these traits. The analyses of these two variables have 
important considerations. 'hhe GDD means indicate that change for date to 50% of anthesis 
did. not occur during the development of the lines; probably, because selection for this trait 
was not performed. As a consequence, the assessment of the association between GDD units 
and % of damage will not be biased. The same considerations are valid for plant height 
because significant differences were observed among genotypes but selection for this trait 
was not conducted either. 
The performance of all entries for stalk tunneling is compared in Tables 2.8a, 2.8b 
and 2.~c. Significant differences were observed among genotypes at both locations but 
AAERC showed higher levels of damage by ECB larvae. However, as plant height differed 
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significantly among lines, the assessment of resistance to ECB by tunneling alone would not 
be appropriate because the same tunnel length indicates more damage in shorter than in taller 
plants. Moreover, a high positive correlation (p= 0.94) and linear association were found 
between tunneling and % of damage in B73/B52 population (Figure 2.5). For these reasons, 
the assessment of resistance to ECB is performed with a relative measure called % of damage 
_ (tunnel length/plant height) x 100. 
The analyses of % o_~, damage are summarized in Tables 2.9a, 2.9b and 2.9c. All 
genotypes had more damage at AAERC that at Iden. The basis for the difference is unknown 
because the same methodology and doses of larvae/plant were applied. Significant and 
consistent differences among genotypes (P<0.0001) were observed meaning that certain lines 
are more resistant to second-generation EBC than others. Table 2.10 shows the % of damage 
means ordered in a descendent fashion and the LSD groups. Only 1 BC line (BC33) showed 
as much damage as the susceptible parent (B73). Inbred B86 and 19 BC lines (BC39, BC29, 
BC26, BC 18, BC28, BC 11, BC30, BC 13, BC3 8, BC 16, BC27, BC23, BC 14, BC20, BC 17, 
B C 10, B C 19, B C21, and B C9) have similar levels of damage than B 52 according to the LSD 
for means combined across locations. None of the BC lines presented less damage than B52 
or Il~ore damage than B73. These observations coincide with the conclusion that additive 
gene action is conditioning resistance to second-generation ECB (Scott et al., 1967 and 
Jennings et al., 1974). The LSD analysis gathered the other 14 BC lines in several 
intermediate groups. However, they are not reported because the two more extreme groups 
are the most important for genotyping and in order to simplify the presentation of the data. 
After this evaluation. and taking into account the selection for ECB resistance 
performed during the development of the lines, it is feasible to support the idea that progress 
in maize breeding for resistance to second-generation ECB has been achieved. Moreover, the 
fact that known. and commonly used inbred lines have been utilized as parents in the original 
population plus the characteristics of the outcome (BC lines) with respect to anthesis date, 
plant height and resistance to ECB, suggest that the line development scheme presented here 
could be part of a breeding program. The BC lines may combine valuable characteristics of 
two inbreds widely evaluated in the area of study and may be a superior source of germplasm 
for resistance to stalk tunneling by ECB. 
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The mathematical assumptions of the statistical tests performed to the experiment's 
data are sometimes ignored.. In this research, % of damage has been used as the main variable 
to assess resistance to ECB . The use of % of damage data did not fulfill the assumptions of 
equal variances (Bartlett, 1947) and normal distribution of the error component for ANOVA 
(Shapiro and Wilk, 1965). As a consequence, data transformations were performed. The 
natural logarithm of % of damage was selected to conduct a new analysis because it fulfilled 
the cited assumptions. Each data point was transformed using the formula ln(% of 
damage/100) alzd then, the ANOVA and LSD were calculated (Tables 2.11 a, 2.11 b, 2.11 c 
and 2.1.0). In both locations as well as in the combined experiment, the differences among 
genotypes are significant (P<0.0001). However, the significance of the interaction location x 
genotype differed from the ANOVA with untransformed data. The order of the means did not 
change but the LSD groups have changed. With transformed data 2 BC lines had similar 
damage than B73 (BC33 a11d BC32) and 10 BC lines than B52 (BC39, BC29, BC26, BC28, 
BC 18, BC 11, BC30, BC 1 >> BC 16, and BC3 8). B86 and the other BC lines remained outside 
of these 2 groups. Although the significance of the location x genotype interaction, the two 
extreme LSD groups (most resistant and most susceptible genotypes) have almost the same 
constitution as when the LSD is considered for both locations separately. As a consequence, 
the locations x genotype interaction could result from inconsistent results of the BC lines of 
the intermediate groups in the two locations. This is supported by the fact that only 2 of the 
10 BC lines classified as resistant by the combined LSD analysis were not present in the 
same group when the LSD was obtained at AAERC and Iden separately. An opposite 
situation was observed with BC lines showing intermediate stalk tunneling. Most of them 
were classified in distinct groups by the LSD analyses performed at both locations. This was 
caused by important differences of % of damage observed in those intermediate BC lines 
between experiments. 
Data transformation allowed the fulfillment of ANOVA assumptions as well as the 
differentiation Of resistant from susceptible genotypes but could lead to selection of different 
number of BC lines. 
The association between % of damage and plant height was studied in order to 
determine if the latter trait could influence the assessment of resistance to second-generation 
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ECB (Table 2.23; Figure 2.1). There is no significant correlation (p~ER(~= -0.11; pIden farm— - 
0.16; pcoi,lbined= 0.002) between the two variables at both locations and in the combined 
analysis. Similar results were obtained for tunneling in cm versus plant height. No correlation 
was found between both variables supporting the use of % of damage as the main variable for 
the study. Plant height was not a confounding factor in the assessment of resistance to ECB. 
In other words, there is no evidence that selection for ECB resistance will lead to shorter or 
taller inbreds in this population. 
A similar procedul: e was accomplished in order to study the association of % of 
damage and date of 50% of anthesis in GDD units (Table 2.24; Figure 2.2). The association 
between the two variables at the AAERC is not significant (pAAE,~c= -0.11) but it is 
signilcant at a = 0.05 at the Iden Farm (plden farm=  -0.29). The same results were obtained 
using tunneling in cm versus GDD units. However, the analysis shows that both correlations 
do not differ. A weak association between % of damage and date of 50% of anthesis is 
present only at Iden. Selection for reduced stalk tunneling can lead to late flowering plants at 
Iden but would have no effects at AAERC. The difference in the correlation between 
l ocati o11s could be affected by uncontrolled factors of the environments such as precipitation 
and soy 1 structure and texture. As a consequence, no clear statements can be made from these 
results. The combined analysis would not be appropriate because the data from both locations 
may contribute to the correlation with opposite effects. This could result in anon-significant 
correlation in the combined analysis. 
Backcross lines derived from the B73/DE811 population 
Five variables were also measured to B73, DE811 and each of the backcross lines 
(Table 2.12) in the B73/DE811 population. Tables 2.13, 2.14 and 2.15 show the means for 
GDD units and. days to 50% of anthesis, plant height, tunneling and % of damage observed in 
AAERC, Iden farm and combined across locations respectively. Similar to the previous 
population, the characteristics of the BC lines indicate that they are adapted to the region 
where the experiments were conducted. The two measurements related to the assessment of 
resistance to second-generation ECB show significant variability among genotypes. B73 has 
the highest mean for tunneling and % of damage, DE811 (resistant parent) has the lowest 
levels and the BC lines have intermediate means for both variables. 
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There were significant differences among genotypes (0.0005 < P < 0.02) for GDD 
units from planting to 50 %~ of anthesis (Tables 2.16a, 2.16b and 2.16c) and locations (P = 
0.0419). The location x genotype interaction is not significant (P = 0.6752). For plant height 
(Tables 2.17a, 2.17b and 2.17c), significant differences among genotypes (0.0001 < P 
<0.0020) for each location. and for the combined analysis were observed. Also, plant height is 
greater- at AAERC and the location x genotype interaction is significant (P=0.053). That 
means some genotypes were among the taller group at one location but among the shorter 
group in the other. Table 2.18 shows the groups defined by the LSD for GDD and plant 
height. Only the 2 most extreme groups are reported per variable although intermediate 
groups were found (data not shown). Different GDD and plant height means indicate that 
selection for these traits dial not occur during the development of the lines. Therefore, 
selection for reduced stalk tunneling did not favor either earlier (or later) or higher (or lower) 
plants. One important comment related to GGD in the B73/DES 11 population is the fact that 
B73 is the earliest and most susceptible genotype. The opposite occurs with DE811, which is 
the latest and the most resistant genotype. As a consequence, and due to the mainly additive 
gene action conditioning the variables, it is expected that the BC lines derived from 
B73/DE811 population have intermediate values for both variables. These observations could 
have certain implications for the assessment of the association between GDD units and % of 
damage, which will be presented later in this chapter. 
The analyses of variance for stalk tunneling are shown in Tables 2.19a, 2.19b and 
2.19c. The genotypes differed significantly at each location. Higher levels of ECB damage 
were observed at the AAERC. A significant positive correlation (0.93) was found between 
tunneling and % of damage (Figure 2.6). As a consequence, % of damage was used to assess 
and compare genotypes. The analyses of % of damage are shown in Tables 2.20a, 2.20b, 
2.20c and 2.21. Significant and consistent differences among genotypes (0.003<P<0.0168) 
were observed. Only 1 BC line (DEBC 10) have similar damage than DE811 and the other 
BC lines show intermediate levels of resistance according to the LSD means combined 
across locations. These observations coincide with the results obtained for the B73/B52 
population, in which none of the BC lines showed a more extreme phenotype than the 
:parents. 
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Use of % of damage data fulfilled the assumptions for the ANOVA (Bartlett, 1947; 
Shapiro and Wilk, 1965). However, the small amount of data points could be inadequate for 
the appropriate assessment of the assumptions. For this reason, natural logarithm of % of 
damage was selected to conduct a new analysis. Tables 2.22a, 2.22b, 2.22c and 2.21, show 
that there are differences among genotypes (0.0003<P<0.0477). The means remained in the 
same order as calculated without the transformation. However, there were changes in the 
grou~~s defined by the LSD analysis. B73 continues as the most susceptible genotype, DE811 
is the most resistant genotype and the BC lines remain in intermediate groups. Selection for 
resistance to tunneling by ECB resistance was efficient but none of the BC lines had the 
phenotype of the original resistant parent. 
The association between % of damage and plant height is not very clear (Table 2.25; 
Figure 2.3). There is significant association between the two variables in AAERC (paaERc = - 
0.56) but it is not significant in Iden farm (piaen tar„1= -0.32). This indicates that selection for 
reduced tunneling may result in selection of higher plants in AAERC. This is not the case at 
Iden. Ilowever, the analysis shows that both slopes do not differ significantly; so, other 
environmental factors may be affecting the results leading to differences between locations. 
As a consequence, the combined analysis would not be appropriate because the data from 
both. ] ocations may contribute to the correlation with opposite effects. Significant association 
was not found between tunneling in cm and plant height for both locations and the combined 
analysis. Thus, the effects of plant height on the assessment of resistance to ECB can be 
considered as non-significant. 
There is a strong negative association (pAAERc= -0.77; pIden farm=  -0.75; pcomb~nea=  -
0.74) between. % of damage and date of 50% of anthesis in GDD units (Table 2.26; Figure 
2.4), ~lnd between tLulneling in cm and date of 50% of anthesis. A similar association was 
reported by Krakowsky et al. (2002) using F3 lines derived from the single cross of B73 and 
DE81 l .The availability of pollen can affect larvae survival and may determine the amount 
of tun~leling observed in this population (Dicke, 1977; Coors, 1987). However, the close 
proximity of the rows would ensure the availability of pollen at the leaf axils even in those 
plants that had not reached anthesis at the moment of the infestation with ECB larvae. 
Therefore, other causes may be affecting the association between anthesis and stalk 
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tunneling. One important observation is the fact that B73 is the earliest and most susceptible 
genotype. The opposite occurs with DE811, which is the latest and the most resistant 
genotype. As both variables are conditioned mainly by additive gene effects, it is expected 
that the BC lines derived from B73/DE811 population have intermediate values for both 
variaales. As a consequence, BC lines that reach anthesis late in the season will usually show 
lower tunneling by ECB t11an BC lines which reach anthesis earlier. This observation does 
not necessarily mean that date of flowering is the cause of the susceptibility or resistance. 
Discussion 
The assessment of the phenotype for resistance to tunneling by ECB was performed 
for I3C lines derived from two original populations, B73/B52 and B73/DE81 L The 
bacl{.crossing scheme followed during the development of the BC lines and the artificial 
selection conducted with ECB larvae during several consecutive seasons have been effective 
in the improvement of the resistance to ECB in maize inbreds. 
The success of bacl~crossing for quantitative traits is influenced by the number of 
genes controlling the character and the role of the environment on expression of the genes 
(Fehr, 1.987). The effects of the environment can be reduced by artificial infestation. This 
process achieved high levels of infestation necessary to discriminate among genotypes. 
Genetic studies (Onukogu et al., 1978; Schorr et al., 1993; Cardinal et al, 2001; Krakowsky et 
al., 2002) have revealed that several genes are involved in resistance to tunneling by ECB 
and that the gene action is primarily additive (Scott et al., 1967; Jennings et al, 1974). 
Onul{ogu et al. (1978) identified 9 genetic factors for resistance using chromosomal 
translocations. Later, 7 QTLs were found by Schorr et al. (1993) in a B73/B52 F2;3 population 
explaining 3 8% of the phenotypic variation, and 9 QTL explaining 59% of the variation were 
detected using RILs derived. from the same population (Cardinal et al., 2001). QTL analysis 
i n F 3 lines derived from B 73 /DE81 l , detected 7 QTL explaining 42% of the phenotypic 
variation (Krakowsky et al., 2002). Recurrent selection programs (Jennings et al., 1974; 
Barry et al., 1983; Klenke et al., 1986) have successfully selected for a reduction in ECB 
tL11111e1111g. Here, it was demonstrated that resistance to ECB could be achieved by a backcross 
sche111e as well. However, the performance of the BC lines can be as good as the resistant 
parent but not superior to ~t. This idea is supported by the fact that none of the BC lines 
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showed higher resistance to ECB than B52 or DE811 in each of the respective populations. 
However, 19 of 34 BC lines had similar levels of damage than B52 and 1 of 6 BC lines than 
DE811 in the other population. Also, all the BC lines (except BC33) were more resistant than 
B73 rising % of damage as the variable for comparing genotypes. 
The use of the natural logarithm transformation for % of damage data was necessary 
for the mathematical assumptions of ANOVA. The analyses of these data gave similar results 
to those obtained using untransformed % of damage values. However, the groups defined by 
LSD analysis changed and the number of lines resembling the resistant parent declined. 
Tunnel. length relative to plant height has been employed for evaluation of ECB 
resistance in maize (Dicke, 1977; Coors et al., 1987; Hudon and Chinag, 1991; Melchinger et 
al., 1.998). The researchers reported that this variable is better than absolute tunnel length for 
the assessment of the resistance but could lead to selection of taller inbred lines because the 
length of the stalk may determine the amount of tunneling observed. However, BC lines 
showing high resistance to ECB had different height in this study. The lack of correlation and 
linear association between plant height and % of damage in BC lines derived from B73/B52 
pope 1 anon supports the previous idea. The same observations were reported by Cardinal et 
al. (2001) using RILs derived from B73/B52. The BC lines derived from B73/DE811 showed 
a wear linear association between these two variables only at AAERC. Thus, it is possible to 
suggest that plant height was not a significant factor in the assessment of tunneling. 
Anthesis may confound the evaluation of resistance to stalk tunneling because larval 
survival is affected by availability of pollen (Dicke, 1977). Moreover, most of the studies 
related. to the assessment of ECB resistance in maize inbred lines from different populations 
reported a negative association between resistance and earliness (Russell et al., 1979; Hudon 
and Cvhiang, 1991; Melchinger, 1998). Within a population or using inbreds derived from 
only o~1e population, the results may differ. ECB tunneling and anthesis date were not 
signi-i-icantly correlated in RILs derived from B73/B52 (Cardinal et al., 2001). In the present 
study, a weak linear association was found for the BC lines only at Iden Farm. A different 
case is the population B73/DE811. In their derivatives, the correlation and linear association 
between. % of damage and anthesis date is highly significant. The same observation was 
reported by Krakowsky et al. (2002). However, B73 is the earlier and most ECB susceptible 
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genotype, and DE811 is the latest and most resistant genotype. Thus, the association between 
both. variables for BC lines originated from this population can be biased by those 
relationships. Such an outcome does not necessarily mean that the two traits have genetic 
factors in common. Pleiotropy and linkage of genes may affect the correlation between both 
traits. If pleiotropic and/or linkage relationships at different genes have same effects then 
they can contribute to a significant positive or negative correlation. However, if pleiotropy 
and/oh linkage have opposite effects at different genes, they may contribute to a non-
signif-icant correlation between traits. 
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Table 2.1. Parental and Backcross lines Related to the B73/B52 Population 
Genotype Pedigree Seed Source 
B52 Ulll{110W11 Lee 00:10 
B7 3 BS 13(IA13)CS-4-1 Lee 98:317 
B86 (B52xOh43) 89:xx 
BC7 (B73xB52)BC3-0725-F6:9-2-1-4-2-1-1 Lee 00:11 
BC8 (B73xB52)BC3-0725-F6:9-2-1-4-2-1-2 Lee 00:12 
BC9 (B73xB52)BC3-0725-F6:9-2-3-2-1-1-1 Lee 00:13 
BC 10 (B73xB52)BC3-0725-F6:9-2-3-2-1-1-2 Lee 00:14 
BC1 1 (B73xB52)BC3-1291-1-2-F6:9-1-2-3-1-1-1 Lee 00:15 
BC12 (B73xB52)BC3-1291-1-2-F6:9-1-2-3-1-1-2 Lee 00:16 
BCl3 (B73xB52)BC3-1291-1-2-F6:9-1-2-3-1-2-1 Lee 00:17 
BC 14 (B73xB52)BC3-1291-1-2-F6:8-1-2-3-1-2-2 Lee 00:1.8 
BCI S (B73xB52)BC3-1291-1-2-F6:9-1-2-3-1-3-1 Lee 00:19 
BC 16 (B73xB52)BC3-1291-1-2-F6:9-1-2-3-1-3-2 Lee 00:20 
BC17 (B73xB52)BC3-1291-1-2-F6:9-1-3-2-4-1-1 Lee 00:21 
BC 1.8 (B73xB52)BC3-1291-1-2-F6:9-1-3-2-4-1-2 Lee 00:22 
BC19 (B73xB52)BC3-0725-F7:10-2-1-1-4-1-1 Lee 00:23 
BC20 (B73xB52)BC3-0725-F7:10-2-1-1-1-2-1-1 Lee 00:24 
BC21 (B73xB52)BC3-0725-F7:10-2-1-1-3-3-1-1 Lee 00:25 
BC22 (B73xB52)BC3-0725-F7:10-2-1-1-3-3-1-2 Lee 00:26 
BC23 (B73xB52)BC3-0765-F7:10-2-1-1-1-3-1-1 Lee 00:27 
BC24 (B73xB52)BC3-0765-F7:10-2-1-1-1-3-1-2 Lee 00:28 
BC25 (B73xB52)BC3-0765-F7:10-2-1-1-1-3-2-1 Lee 00:29 
BC26 (B73xB52)BC3-0765-F7:10-2-1-1-1-3-3-1 Lee 00:31 
BC27 (B73xB52)BC3-0765-F7:10-2-1-1-1-3-3-2 Lee 00:32 
BC28 (B73xB52)BC3-0765-F7:10-2-1-1-1-4-1-1 Lee 00:33 
BC29 (B73xB52)BC3-0765-F7:10-2-1-1-1-4-1-2 Lee 00:34 
BC30 (B73xB52)BC3-0836-F6:9-1-4-2-1-1 Lee 00:35 
BC 31 (B73xB52)BC3-0836-F6:9-1-4-2-1-2 Lee 00:36 
BC32 (B73xB52)BC3-0836-F6:9-1-5-4-1-1 Lee 00:37 
BC33 (B73xB52)BC3-0836-F6:9-1-5-4-1-2 Lee 00:38 
BC~34 (B73xB52)BC3-0859-1-1-F6:9-1-2-2-1-1 Lee 00:39 
BC35 (B73xB52)BC3-0859-1-1-F6:9-1-2-2-1-2 Lee 00:40 
BC36 (B73xB52)BC3-1291-1-2-F6:9-1-3-2-2-1 Lee 00:41 
BC37 (B73xB52)BC3-1291-1-2-F6:9-1-3-2-2-2 Lee 00:42 
BC38 (B73xB52)BC3-0765-F7:10-2-1-1-1-1-1 Lee 00:43 
BC39 (B73xB52)BC3-0765-F7:10-2-1-1-1-1-2 Lee 00:44 
BC40 (B73xB52)BC3-1291-1-2-F4:8-1-3-2-2 Lee 00:45 
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Table 2.2. Means of Genotypes Related to the B73/B52 Population Grown at 
AAERC in 2002 
Genotype GDD Units ~ Anthesis2 Plant Height3 Tunneling4 % of Damages
B52 838 68 172 24 13.8 
B73 766 63 165 105 63.9 
B86 824 68 152 36 23.5 
BC7 854 69 184 55 30.0 
BC8 846 69 164 80 51.9 
BC9 861 70 202 62 30.7 
BC 10 831 68 199 59 29.7 
BC11 838 68 171 36 20.7 
BC 12 808 66 175 50 28.9 
B C 13 846 69 176 29 16.7 
BC 14 854 69 182 29 16.2 
BC 15 808 66 175 49 27.8 
BC 16 831 68 179 36 19.8 
BC17 824 68 134 32 23.4 
BC18 808 66 154 30 19.8 
BC 19 831 68 193 57 29.5 
BC20 824 68 189 53 28.1 
BC21 831 68 187 52 27.8 
BC22 808 66 187 64 34.3 
BC23 746 62 166 42 24.8 
BC24 776 64 132 47 35.8 
BC25 776 64 130 36 27.6 
BC26 754 62 154 27 17.4 
BC27 752 62 165 42 25.5 
BC28 776 64 142 32 22.7 
B C29 766 63 146 18 12.5 
BC30 808 66 146 26 17.6 
B C31 794 66 151 44 29. S 
BC32 776 64 144 68 47.4 
BC33 782 64 158 86 57.5 
BC34 730 60 176 70 40.2 
BC35 722 60 160 56 34.8 
BC36 824 68 178 64 35.7 
BC37 831 68 176 62 35.5 
BC'38 794 66 177 38 21.5 
B C~ 3 9 746 62 167 24 14.0 
B C40 794 66 160 49 3 0.6 
~ Growing Degree Days units (Wang, 1960) from planting to anthesis 
~, Days from planting to 50% of pollen shed 
Plaalt height in centimeters 
4 Length of tunnels caused by ECB in centimeters 
of damage caused by ECB calculated as (tunnel length/plant height) x 100 
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Tahle 2.3. Means of Genotypes Related to the B73/B52 Population Grown at Iden 
Farm in 2002 
Genotype GDD Units ~ Anthesis2 Plant Height3 Tunneling4 % of Da~nage5
B52 854 77 149 19 13.0 
B73 784 72 146 66 45.3 
B86 846 76 139 29 21.0 
BC7 854 77 166 42 25.1 
BC8 869 78 164 37 22.5 
BC9 876 78 176 32 17.7 
BC10 832 76 176 30 17.1 
BC~11 854 77 132 20 15.5 
BC12 808 74 151 48 31.8 
BC 13 854 77 137 28 20.1 
BC'14 862 78 154 39 25.8 
BC 15 834 76 150 51 33.9 
BC 16 854 77 154 29 19.3 
BC 17 832 76 118 26 22.5 
BC' 18 819 74 134 20 15.1 
BC 19 839 76 176 32 17.8 
BC20 846 76 162 28 17.0 
BC~21 839 76 170 34 20.0 
BC~22 814 74 166 38 22.9 
BL23 808 74 160 27 16.7 
B L24 814 74 123 3 0 24.8 
BC25 809 74 122 27 22.2 
13026 792 72 137 20 15.1 
BC27 798 72 153 24 16.0 
BC~'28 809 74 127 17 13.3 
BC29 803 73 146 26 17.2 
BC30 832 76 128 24 18.6 
BC31 814 74 134 28 21.6 
BCy32 814 74 110 39 35.8 
BC~33 814 74 114 43 37.6 
BC34 759 70 169 49 29.3 
BC35 752 69 156 56 36.2 
BC~36 846 76 158 52 33.1 
BC37 846 76 162 34 20.7 
BCv3 8 808 74 156 27 17.6 
BC39 776 71 157 22 13.8 
BL40 808 74 143 50 35.1 
~ Growing Degree Days units (Wang, 1960) from planting to anthesis 
., Days from planting to 50% of pollen shed 
Plant height in centimeters 
4 Length of tunnels caused by ECB in centimeters 
of damage caused by ECB calculated as (tunnel length/plant height) x 100 
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Table 2.4. Means of Genotypes Related to the B73/B52 Population Combined Across 
locations in 2002 
-, 
Genotype GDD Units Anthesis2 Plant Height' Tunneling4 % of Damages
B52 846 73 161 22 13.3 
B73 775 67 156 85 54.5 
B86 835 72 146 32 22.2 
BC7 854 73 174 48 27.5 
BC8 858 74 164 59 37.1 
BCv9 869 74 189 46 24.1 
BC 10 832 72 188 44 23.3 
BC 1 1 846 73 152 28 18.0 
BC 12 808 70 163 49 30.3 
BC 13 850 73 157 28 18.3 
BC14 858 74 168 34 20.9 
BC± 15 821 71 162 50 30.8 
B C 16 842 72 167 3 3 19.5 
BCC 17 828 72 126 29 22.9 
BCl B 814 70 144 26 17.4 
BC 19 835 72 184 44 23.6 
BC20 835 72 176 40 22.5 
BC21 835 72 178 43 23.8 
BC22 812 70 176 51 28.6 
BC23 777 68 163 34 20.7 
B C24 795 69 127 3 9 3 0.2 
BC25 792 69 126 32 24.9 
B C26 73 3 67 146 24 16.2 
BC27 775 67 159 34 20.7 
BC28 793 69 134 25 18.0 
BC29 784 68 146 22 14.8 
BC30 820 71 138 25 18.1 
BC31 804 70 142 36 25.5 
BC32 795 69 127 54 41.6 
BC33 798 69 136 64 47.5 
BC~34 744 65 172 60 34.7 
BC35 737 64 158 56 35.4 
BC36 835 72 168 58 34.3 
BC37 839 72 169 48 28.1 
BC38 801 69 166 32 19.5 
BC39 761 66 162 22 13.9 
BC40 801 69 152 49 32.8 
~ Gro~~~ing Degree Days units (Wang, 1960) from planting to anthesis 
~ Days from planting to 50% of pollen shed 
~' Plant height in centimeters 
4 Length of tunnels caused by ECB in centimeters 
of damage caused by ECB calculated as (tunnel length/plant height) x 100 
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Table 2.Sa. ANOVA for GDD~ Units for B73/B52 Related Lines at AAERC in 2002 
Source DF S tam of Squares Mean Square F Value Pr > F 
Replications 1 1525.62 1525.62 11.79 0.0015 ~` ~~ 
Genotypes 36 100206.64 2783.51 21.51 <.0001 ~~ ~` 
Error 36 4658.37 129.39 
Corrected Total 73 1063 90.64 
CV(%) 1.41 
Growing Degree Days units (Wang, 1960) from planting to anthesis 
Table 2. Sb. ANOVA for GDD 1 Units for B73/B52 Related Lines at Iden in 2002 
Source DF Stun of Squares Mean Square F Value Pr > F 
Replications 1 10.59 10.59 0.04 0.8426 
Genotypes 36 62027.59 1722.98 6.50 <.0001 
Error 36 9538.40 264.95 
Corrected Total 73 71576.59 
CV(°/~) 1..97 
G~owing Degree Days units (Wang, 1960) from planting to anthesis 
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Table 2.Sc. ANOVA for GDD1 Units for B73/B52 Related Lines Combined Across 
Locations in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
Locations 1 17254.08 17254.08 22.46 0.0417 ~` 
.Rep (Locs) 2 1536.21 768.10 3.90 0.0248 ~` 
Genotypes 3 6 ] 5 5 527.82 4320.21 23.19 <.0001 ~` a` 
Locs a Genot 36 6706.41 186.28 0.94 0.5647 
Lrror 72 l 4196.78 197.17 
Corrected Total 147 l 95221.32 
CV(°/~) 1 .72 
~ Growing Degree Days units (Wang, 1960) from planting to anthesis 
Table 2.6a. ANOVA for Plant Height for B73/B52 Related Lines at AAERC in 2002 
Source DF Stun of Squares Mean Square F Value Pr > F 
Replications 1 181.83 181.83 1.38 0.2485 
Genotypes 36 24474.54 679.84 5.14 <.0001 a: a~ 
l~rror 3 6 475 8.16 132.17 
Corrected Total 73 29414.54 
CV(%) 6.89 
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Table 2.6b. AN-OVA for Plant Height for B73/B52 Related Lines at Iden in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
:Replications 1 477.62 477.62 11.89 0.0015 ~`~` 
Genotypes 36 23605.94 655.72 16.32 <.0001 ~~~ 
-Error 3 6 l 446.3 7 40.17 
Corrected Total 73 25 529.94 
CV(°/~) 4.28 
Table 2.6c. ANOVA for Plant Height for B73/B52 Related Lines Combined Across 
Locations in 2002 
Source DF Suin of Squares Mean Square F Value Pr > F 
Locations 1 1 3017.18 13017.18 39.48 0.0244 ~~ 
Rep (IJocs) 2 659.45 329.72 3.83 0.0263 ~' 
Genotypes 3 6 443 08.67 123 0.79 11.75 <. 0001 ~~ ~~ 
Locs x Genot 3 6 3 771.81 104.77 1.22 0.23 80 
:Error 72 6204.54 86.17 
Corrected Total 147 6 7961.67 
CV(%) 5.89 
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Table 2.7. GDD 1 Unit Means, Plant Height2 Means and LSD3 for Genotypes 
Related to the B73/B52 Population Combined Across Locations in 2002 
Genotype GDD Units Genotype Plant Height 
BC9 869 BC9 189 a 
BC8 858 a BC10 188 a 
BC14 858 a BC19 184 a 
BC7 854 a BC21 178 a 
BC 13 850 a BC22 176 a 
BC 11 846 a BC20 176 a 
B52 846 a BC7 174 a 
BC16 842 a BC34 172 
BC37 839 a BC37 169 
BC19 835 a BC36 168 
B86 835 a BC14 168 
BC20 83 5 a BC 16 167 
BC 36 835 a BC38 166 
BC21 835 a BC8 164 
BC 10 832 a BC23 163 
BC 17 828 a BC 12 163 
BC 1.5 821 BC 15 162 
BC30 820 BC39 162 
BC 18 814 B52 161 
BC22 812 BC27 159 
BC 12 808 BC35 158 
BC3 l 804 BC 13 157 
BC40 801 B73 156 
BC3 8 801. BC40 152 
BC3 3 798 BC 11 152 
BC32 795 BC29 146 
BC24 795 BC26 146 
BC28 793 b B86 146 
BC25 792 b BC 18 144 
BC29 784 b BC31 142 
BC2 3 777 b BC30 13 8 b 
BC27 775 b BC33 1.36 b 
:873 775 b BC28 134 b 
:BC26 773 b BC32 127 b 
BC39 761 b BC24 127 b 
=BC34 744 BC 17 126 b 
BC35 737 BC25 126 b 
~ Growing Degree Days units (Wang, 1.960) from planting to anthesis 
., Plant Height in centimeters 
Least Significant Difference GDD = 19.57 Plant Height = 14.67 a=0.05 
~, b Means with the same letters are not significantly different 
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Table 2.8a. ANOVA for Tlannel Length for B73/B52 Related Lines at AAERC in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
Replications 1 13 5.13 13 5.13 1.3 0 0.2609 
Genotypes 36 26298.05 730.50 7.05 <.0001 
Error 36 3728.86 103.57 
Corrected Total. 73 3 0162.05 
CV(°/n) 21.27 
Table 2.8b. ANOVA for Tunnel Length for B73/B52 Related Lines at Idea in 2002 
SoL~rce DF St~ln of Squares Mean Square F Value Pr > F 
Replications 1 50.28 50.28 1.37 0.2495 
Genotypes 36 9819.05 272.75 7.43 <.0001 ~` ~` 
I~rror 36 1321.21 36.70 
Corrected Total. 73 1 1190.5 5 
CV(°/~) 17.99 
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Table 2.8c. ANOVA for Tu~~nel Length for B73/B52 Related Lines Combined Across 
Locations in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
Locations 1 7435.14 7435.14 80.20 0.0122 a~ ~~ 
.Rep (Rocs) 2 185.41 92.70 1.32 0.2731 
Genotypes 36 29667.00 824.08 4.60 <.0001 a~ ~~ 
Locs x Genot 3 6 6450.10 179.16 2.5 5 0.0004 ~ a~ 
Error 72 5050.08 70.14 
Corrected Total. 147 48787.75 
CV(°/~) 20.5 
Table 2.9a. ANOVA for % of Damages for B73/B52 at Related Lines at AAERC in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
IZepli cations 1 9.5 6 9.5 6 0.14 0.7100 
Genotypes 3 6 9910.97 275.3 0 4.04 <.0001 ~~ ~~ 
Error 36 2450.56 68.07 
Corrected Total 73 123 71.10 
CV(%~) 28.63 
' % o~~ damage caused by ECB calculated as (tunnel length/plant height) x 1.00 
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Table 2.9b. ANOVA for % of Damages for B73/B52 at Related Lines at Iden in 2002 
Source DF SLlln of Squares Mean Square F Value Pr > F 
:Replications 1 3.45 3.45 0.18 0.6772 
Genotypes 3 6 4700.5 0 13 0.5 6 6.65 <. 0001 ~~ 
-Error 3 6 707.07 19.64 
Corrected Total 73 5411.03 
CV(%) 1.9.35 
' % ~~~ damage caused by ECB calculated as (tunnel length/plant height) x 100 
Table 2.9c. ANOVA for % of Damages for B73/B52 at Related Lines Combined Across 
Locations in 2002 
Source DF SLsm of Squares Mean Square F Value Pr > F 
:Locations 1 1.293.87 1293.87 198.74 0.0050 ~` ~` 
Rep (Locs) 2 13.02 6.51 0.15 0.8623 
Genotypes 36 12291.68 341.43 5.30 <.0001 ~~ a~ 
Locs x Genot 36 2319.79 64.43 1.47 0.0832 
Lrror 72 3157.63 43.85 
Corrected Total 147 19076.01 
CV(°/~) 25.6 
' % of damage caused by ECB calculated as (tunnel length/plant height) x 100 
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Table 2.10. % of Damage' Means, Ln (% of Damage)2 Means and LSD for 
Genotypes related to the B73/B52 Population Combined Across Locations in 2002 
Genotype % of Damage Genotype Ln (% of Damage) 
B73 54.5 a B73 -0.6242 a 
BC33 47.5 a BC33 -0.8035 a 
BC32 41.6 BC32 -0.9010 a 
BC8 37.1 BC35 -1.0372 
BC3 5 3 5.4 BC34 -1.0763 
BC34 34.7 BC36 -1.0835 
BC36 34.3 BC8 -1.1086 
BC40 32.8 BC40 -1.1362 
BC15 30.8 BC15 -1.1870 
BC12 30.3 BC12 -1.1963 
BC24 30.2 BC24 -1.2229 
BC22 28.6 BC22 -1.2748 
BC37 28.1 BC7 -1.2985 
BC7 27.5 BC37 -1.3106 
BG 1 25.5 BC31 -1.3 845 
BC25 24.9 BC25 -1.4099 
BC9 24.1 b BC21 -1.4485 
BC21 23.8 b BC 17 -1.4783 
BC 19 23.6 b BC9 -1.4785 
BC 10 23.3 b BC 19 -1.4789 
BC 17 22.9 b BC 10 -1.4981 
BC20 22.5 b B86 -1.5080 
B86 22.2 b BC20 -1.5302 
BCl 4 20.9 b BC23 -1.5996 
BC23 20.7 b BC14 -1.6035 
BC27 20.7 b BC27 -1.6053 
BC16 1.9.5 b BC38 -1.6398 b 
BG 8 19.5 b BC 16 -1.6399 b 
BC 13 1.8.3 b BC 13 -1.7012 b 
BG 0 18.1 b BC30 -1.7278 b 
BC 11 18.0 b BC 11 -1.7405 b 
BC28 18.0 b BC 18 -1.7808 b 
BC 18 17.4 b BC28 -1.8103 b 
BC26 16.2 b BC26 -1.8428 b 
BC29 l 4.8 b BC29 -1.9262 b 
BG9 13.9 b BC39 -1.9810 b 
B52 1.3.3 b B52 -2.0233 b 
of damage caused by ECB calculated as (tunnel length/plant height) x 100 
., Natural logarithm of % of damage caused by ECB calculated as Ln (tunnel length/plant height) 
~' Least Significant Difference ~% of Damage = 11.51 Ln (% of Damage) = 0.40 a=0.05 
a, b Means with the same letters are not significantly different 
43 
Table 2.l la. ANOVA for Ln (% of Damage) for B73/B52 Related Lines at AAERC in 2002 
Source DF SUm of Squares Mean Square F Value Pr > F 
Replications 1 0.01 0.01 0.18 0.6705 
Genotypes 36 10.54 0.29 5.51 <.0001 ~~ ~~ 
I~rror 3 6 1.91 0.05 
Corrected Total 73 12.47 
CV(%) 17.32 
' Natural logarithm of % of damage caused by ECB calculated as Ln (tunnel length/plant height) 
Table 2.11 b. ANOVA for Ln (% of Damage) ~ for B73/B52 Related Lines at Idea in 2002 
Source DF Stun of Squares Mean Square F Value Pr > F 
Replications 1 0.01 0.01 0.12 0.7347 
Genotypes 3 6 8.04 0.22 5.07 <. 0001 a_ ~` 
:Error 36 1.58 0.04 
Corrected Total 73 9.63 
CV(%) 13.64 
' Natural logarithm of % of damage caused by ECB calculated as Ln (tunnel length/plant height) 
44 
'liable 2.11 c. ANOVA for L11(% of Damage)1 for B73/B52 Related Lines Combined 
Across Locations in 2002 
Source DF S aim of Squares Mean Square F Value Pr > F 
Rocations 1 1.60 1.60 214.99 0.0046 ~` ~` 
_Rep (.Rocs) 2 0.01 0.01 0.15 0.8580 
Uenotypes 3 6 15.71 0.43 5.46 <.0001 ~ ~~ 
Locs x Genot 3 6 2.87 0.07 1.64 0.03 73 ~` 
:error 72 3.5 0 0.04 
Corrected Total 147 23.71 
CV(°/~) 15.36 
Natural logarithm of % of damage caused by ECB calculated as Ln (tunnel length/plant height) 
Table 2.12. Parental and I3ackcross lines Related to the B73/DE811 Population 
Ge~lotype Pedigree Seed Source 
B73 BS 13(IA13)CS-4-1 Lee 98:317 
DF~ 11 B68 x [B37I~t x (C103 x Mp3204)sel.] Lee 99:211 
D1~BC5 (B73xDE811)BC3-1136-F6:8-1-2-3-1-1-3 Lee 00:3 
DI~BC6 (B73xDE8] l )BC3-1136-F6:9-1-2-3-1-1-2 Lee 00:4 
D EB C7 (B73 xDEB l 1)BC3 -113 6-F6 : 8-1-4-2-1-1 Lee 00: 5 
DLBCB (B73xDE811. )BC3-1432-1-1-F6:9-1-1-2-2-2 Lee 00:6 
D1~BC9 (B73xDE81 1)BC3-1432-1-1-F6:8-1-1-1-1 Lee 00:7 
1~I BC 10 (B73xDE8 l 1)BC3-1432-1-1-F3 :9-1-1-1 Lee 00: 8 
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Table 2.13. Means of Genotypes Related to the B73/DE811 Population Grown at 
AAERC in 2002 
Genotype GDD Units ~ Anthesis Plant Height' Tunneling4 % of Damages
B7 3 782 64 168 108 64.3 
DE811 846 69 190 44 23.0 
D1~BC5 808 66 214 73 34.3 
DEBC6 824 68 198 75 37.7 
DI~BC7 782 64 178 84 46.8 
D~BCB 808 66 179 68 38.2 
DEBC9 824 68 164 74 45.4 
DEBC 10 824 68 187 56 29.6 
~ Growing Degree Days units (Wang, 1960) from planting to anthesis 
Days fi-om planting to 50% of pollen shed 
Plant height in centimeters 
`~ Length of tunnels caused by ECB in centimeters 
of damage caused by ECB calculated as (tunnel length/plant height) x 100 
Table 2.14. Means of Genotypes Related to the B73/DE811 Population Grown at 
Idea in 2002 
Genotype GDD Units ~ Anthesis2 Plant Height Tunneling4 % of Damage 
B73 809 74 146 79 54.4 
DE811 892 79 159 34 21.4 
DEBCS 854 77 174 66 37.7 
DEBC6 862 78 174 49 28.5 
DEBC? 816 74 147 62 42.6 
DEBCB 832 76 151 48 31.8 
D1~I3C9 847 76 147 49 34.0 
D1BC10 839 76 151 38 24.9 
~ Growing Degree Days units (Wang, 1960) from planting to anthesis 
~, Days from planting to 50% of pollen shed 
Plant height in centimeters 
`~ Length of tunnels caused by ECB in centimeters 
of damage caused >,y ECB calculated as (tunnel length/plant height) x 100 
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Table 2.15. Means of Genotypes Related to the B73/DE811 Population Combined 
Across Locations in 2002 
Genotype GDD Units ~ Anthesis Plant Height' Tunneling4 % of Damages
B73 795 69 157 94 59.3 
DIJ811 869 74 174 39 22.1 
DEBCS 831 72 194 69 35.9 
DI~BC6 842 72 186 62 33.0 
DLBC7 798 69 163 73 44.7 
DI~BCB 820 71 165 58 34.9 
DI~BC9 835 72 156 62 39.6 
DLBC 10 831 72 169 46 27.2 
~ Growing Degree Days units (Wang, 1960) from planting to anthesis 
Days from planting to 50% of holler shed 
Plant. height in centimeters 
4 Length of tunnels caused by ECB in centimeters 
of damage caused lay ECB calculated as (tunnel length/plant height) x 100 
Table 2.16a. ANOVA for C1DD 1 Units forB73/DE811 Related Lines at AAERC in 2002 
Source DF hum of Squares Mean Square F Value Pr > F 
Replications 1 126.56 126.56 1.59 0.2476 
Genotypes 7 6875.43 982.20 12.3 5 ~ 0.0018 ~~ ~~ 
Errol- 7 556.93 79.56 
Corrected Total 15 75 5 8.93 
CV (~%~) 1.09 
~ Gro~~~ing Degree Days units (Wang, 1960) from planting to anthesis 
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Table 2.16b. ANOVA for GDD I Units for B73/DE811 Related Lines at Iden in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
Rep] i cations 1 5 8 8.06 5 8 8.06 2.22 0.1802 
Uenotypes 7 9573.93 1393.41 5.25 0.0219 a` 
Crror 7 1857.43 265.34 
Corrected Total 15 12199.43 
CV(%) 1.93 
Growing Degree Days units (Wang, 1960) from planting to anthesis 
Table 2.16c. ANOVA for GDD 1 Units for B73/DE811 Related Lines Combined Across 
Locations in 2002 
S oUrce DF Sum of Squares Mean Square F Value Pr > F 
Locations 1 x001.12 8001.12 22.39 0.0419 
Rep (.rocs) 2 714.62 3 5 7.31 2.07 0.1629 
Genotypes 7 15789.00 2255.57 18.79 0.0005 ~~ ~~ 
Locs x Genot 7 840.37 120.05 0.70 0.6752 
Error 14 2414.37 172.45 
Corrected Total 31 27759.50 
CV (~' ~~) 1.5 8 
Gro~~~ing Degree Days units (Wang, 1960) from planting to anthesis 
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Table 2.17a. ANOVA for Plant Height for B73/DE811 Related Lines at AAERC in 2002 
S ot~_rcc DF Sum of Squares Mean Square F Value Pr > F 
Replications 1 30.25 30.25 1.58 0.2480 
Genotypes 7 3 629.00 518.42 27.13 0.0001 a~ ~~ 
Error 7 133.75 19.10 
Corrected Total 15 3 793.00 
CV(~/~) 2.36 
Table 2.17b. ANOVA for Plant Height for B73/DE811 Related Lines at Iden in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
Replications 1 1.5 6 1.5 6 0.07 0.7994 
Genotypes 7 1902.43 271.77 12.12 0.0020 ~`~' 
Error 7 l 5 6.93 22.41 
Corrected Total 1.5 2060.93 
CV(%) 3.03 
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Table 2.17c. ANOVA for Plant Height for B73/DE811 Related Lines Combined Across 
Locations in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
Locations 1 0583.78 6583.78 413.91 0.0024 ~~ ~'~ 
Rep (Rocs) 2 31.81 15.90 0.77 0.4834 
Genotypes 7 513 7.46 73 3.92 13.04 0.0016 a: a: 
Locs x Genot 7 393.96 56.28 2.71 0.0533 ~~ 
Error 14 290.68 20.76 
Corrected Total 31 1243 7.71 
CV (°/~) 2.67 
Table 2.18. GDD ~ Unit Means, Plant Height Means and. LSD3 for Genotypes Related 
to the B73/DE81 1 Population Combined Across Locations in 2002 
Genotype GDD Units Genotype Plant Height 
DE81 l 869a DEBCS 194 a 
DEBC6 842 DEBC6 186 a 
DEBCS 835 DE811 174 
DEBCS 831 DEBC 10 169 
_DEBC 10 831 DEBCS 165 b 
DEBCS 820 DEBC? 163 b 
DEBC? 798 b B73 157 b 
B73 795 b DEBCS 155 b 
~ Gro~~ling Degree Days units (Wang, 1960) from planting to anthesis 
., Plant 1-leight in centimeters 
Lust ,' ignificant Difference GDD = l 8.32 Plant Height = 12.54 a=0.05 
a, h Means with the same letters are not significantly different 
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Table 2.19a. ANOVA for Tunnel Length for B73/DE811 Related Lines at AAERC in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
Re~~l~cations 1 189.06 189.06 1.78 0.2240 
Genotypes 7 4977.93 711.13 6.69 0.0110 ~`~~ 
Errol 7 744.43 106.34 
Co~~l~ected Total 15 _5911.43 
CV(~%~) 14.18 
Table 2.19b. ANOVA for Tunnel Length for B73/DE811 Related Lines at Iden in 2002 
Source 
Sum of 
DF Squares Mean Square F Value Pr > F 
Replications 1 68.06 68.06 0.76 0.4117 
Genotypes 7 3159.93 451.41 5.05 0.0243 ~` 
Error 7 625.43 89.34 
Corrected Total 15 ~ 8 5 3.43 
CV (~%~) 17.73 
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Table 2.19c. ANOVA for Tunnel Length for B73/DE811 Related Lines Combined 
Across Locations in 2002 
S OL1 ~Ce DF Stem of Squares Mean Square F Value Pr > F 
Locations 1 3 003.12 3 003.12 23.3 6 0.0402 ~` 
Rep (Locs) 2 257.12 128.56 1.31 0.3000 
Gel~otypes 7 7749.00 1107.00 19.93 0.0004 ~`~' 
Locs x Genot 7 388.87 55.55 0.57 0.7703 
Error 14 l 369.87 97.84 
Corrected Total 31 1.2768.00 
CV (~%) 15.70 
Table 2.20a. ANOVA for ~% of Dalnage~ for B73/DE811 Related Lines at AAERC in 2002 
Source 
Sum of 
DF Squares Mean Square F Value Pr > F 
Replications 1 3 9.06 3 9.06 1.19 0.3106 
Gel~otypes 7 2205.05 315.00 9.63 0.003 9 ~~ ~~ 
Elr Or 7 228.89 32.69 
Col-I-ccted Total 15 2473.01 
CV(%) 14.33 
~ % of damage caused by ECB calculated as (tunnel length/plant height) x 100 
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Table 2.20b. ANOVA for % of Damage ~ for B73/DE811 Related Lines at Iden in 2002 
Source 
Sum of 
DF Squares Mean Square F Value Pr > F 
IZep 1 ~ cations 1 40.96 40.96 1.07 
Gel~otypes 7 1557.96 222.56 5.80 
~rro~~ 7 268.75 38.39 
Corrected Total 1.5 1867.67 
CV(° ~~) 18.02 
0.3360 
0.0168 ~ a, 
~ % ~f da~l~age caused by ECB calculated as (tunnel length/plant height) x 100 
Table 2.20c. ANOVA for % of Da~nage~ for B73/DE811 Related Lines Combined 
Across Locations in 2002 
S otlrce DF Sum of Squares Mean Square F Value Pr > F 
Locations 1 243.10 243.10 6.08 0.1.326 
Rep (Rocs) 2 80.02 40.01 1.13 0.3521 
Ge»otypes 7 3 5 97.3 9 513.91 21.72 0.0003 ~~ a` 
Locs x Genot 7 165.62 23.66 0.67 0.6977 
Error 14 497.64 3 5.54 
Corrected Total 31 45 83.78 
CV(%) 16.05 
of damage caused by ECB calculated as (tunnel length/plant height) x 100 
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-, Table 2.21. % of Damage :Means, Ln (% of Damage)2 Means and LSD' for Genotypes 
Related to the B73/DE811 Population Combined Across Locations in 2002 
Gel~otype % of Damage Genotype Ln (% of Damage) 
B73 59.3 a B73 -0.52673 a 
DEBC7 44.7 DEBC7 -0.82089 
DEBC9 39.6 DEBC9 -0.95256 
DEBCS 3 5.9 DEBCS -1.02704 
DEBCS 34.9 DEBCS -1.05675 
DEBC6 33.0 DEBC6 -1.11841 
DEBC10 27.2 b DEBC10 -1.30546 
DE811 22.1 b DE811 -1.53429 b 
' %► of damage caused by ECB calculated as (tunnel length/plant height) x 100 
~, Nat~~ral logarithm of % of damage caused by ECB calculated as Ln (tunnel length/plant height) 
~' Least Significant Difference `% of Damage = 8.13 Ln (% of Damage) = 0.21 a=0.0.5 
a, b Means with the salve letters are not significantly different 
Table 2.22a. ANOVA for Ln(% of Damage) ~ for B73/DE811 Related Lines at AAERC 
in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
Replications 1 0.01 0.01 1.14 0.3220 
Genotypes 7 1.3 3 0.19 11.02 0.0026 ~~ ~~ 
Error 7 0.12 0.01 
Corrected Total 15 1.47 
CV(°~~) 13.63 
' Natural logarithm of % of damage caused by ECB calculated as Ln (tunnel length/plant height) 
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Table 2.22b. ANOVA for 1Jn(% of Damage) I for B73/DE811 Related Lines at Iden in 2002 
SOUl'ce DF SLam of Squares Mean Square F Value Pr > F 
Repl ~ cations 1 0.05 0.05 1.17 0.315 0 
Genotypes 7 1.34 0.19 3.86 0.0477 a~ 
Error 7 0.34 0.04 
Corrected Total. 15 1.74 
CV(%) 19.89 
' Natural logarithm of % of damage caused by ECB calculated as Ln (tunnel length/plant height) 
Table 2.22c. ANOVA for Ln(% of Damage)1 for B73/DE811 Related Lines Combined 
Across Locations in 2002 
Source DF Sum of Squares Mean Square F Value Pr > F 
Locate ons 1 0.19 0.19 4.89 0.15 76 
Rep (L,ocs) 2 0.07 0.03 1.16 0.3412 
Genotypes 7 2.56 0.36 21.86 0.0003 a` ~` 
Locs x Genot 7 0.11 0.01 0.50 0.8197 
Error 14 0.46 0.03 
Corrected Total 31 3.41 
CV(%) 17.55 
' Natural logarithm of % of damage caused by ECB calculated as Ln (tunnel length/plant height) 
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Table 2.23. Estimates of the Association Between Plant Height and % of Damagel for 
the B73/B52 Population at AAERC, Iden and Combined Across Locations in 2002 
Parameter Este mate Standard error T value Pr > F 
Intercept AAERC 171.69 5.49 31.25 <.0001 ~~ ~~ 
Slope AAERC - 0.17 0.17 - 0.98 0.3286 
Intercept Iden Farm l 5 6.09 6.43 24.27 <.0001 ~~ ~~ 
Slope Iden Farm - 0.35 0.26 - 1.34 0.1825 
Intercept Combined l 57.28 4.41 31.65 <.0001 
Slope Combined 0.01 0.15 0.03 0.9765 
Pnnrizc2 = - 0.11 
~ - 0.16 Alden 1-~i-m - 
pCc~mhined ~ = 0.002 
AAERC -~ Plant Height = 171.69 - 0.17 x % of damage 
Ide» Farm --~ Plant Height = 15 6.09 - 0.3 5 x % of damage 
Combined ~ Plant Height = 157.28 + 0.01 x % of damage 
' % of damage caused by ECB calculated as (tunnel length/plant height) 
p =correlation coefficient 
Table 2.24. Estimates of the Association Between Anthesis Date I and % of Damagel
for the B73/B52 Population at AAERC and Iden in 2002 
Parameter Estimate Standard error T value Pr > F 
Intercept AAERC 8 l 1. .73 9.76 83.13 <.0001 ~'~ ~~ 
Slope AAERC - 0.33 0.30 - 1.08 0.2831 
Lntercept Iden Farm 848.51 11.42 74.25 <.0001 ~~ ~~ 
lope Iden Farm - 1.08 0.46 - 2.31 0.0220 ~~ 
=-0.11 
-, ~__ 
Alden f`~ll~n1 - 0 . 29
AAERC --~ Plant Height = 811.73 - 0.33 x % of damage 
Idel~ Farm -~ Plant Height = 848.51 - 1.08 x % of damage 
' GroWing Degree Days utlrts (Wang, 1960) from planting to anthesis 
% of damage caused by ECB calculated as (tunnel length/plant height) 
~' p =correlation coefficient 
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rI-'able 2.25. Estimates of the Association Between Plant Height and % of Damage1 for 
the B73/DE81 ] Population at AAERC and Idea in 2002 
Parameter Estimate Standard error T value Pr > F 
Intercept AAERC 212.88 10.53 20.20 <.0001 a,~ 
Slope AAERC - 0.70 0.25 - 2.80 0.0092 ~~~'= 
Intercept Iden Farm 167.79 10.45 16.04 <.0001 ~~ ~~ 
~' lope :Iden Farm - 0.34 0.29 - 1.1 S 0.2496 
7 
pnn~iic = - 0.56 AAERC -~ Plant Height = 212.88 - 0.70 x % of damage 
pl ~~ei1=~,~-~„~ _ - 0.32 Iden. Farm ~ Plant Hei ht = 167.79 - 0.34 x % of dama e g g 
' % of damage caused by ECB calculated as (tunnel length/plant height) 
p =correlation coefficient 
Table 2.26. Estimates of the Association Between Anthesis Date 1 vs. % of Damage for 
the B73/DE811 Population at AAERC, Iden and Combined Across Locations in 2002 
Parameter Estimate Standard error T value Pr > F 
:Intercept AAERC X66.15 14.45 59.93 <.0001 a; ~~ 
Slope AAERC - 1.3 5 0.34 - 3.92 0.0005 ~~ a` 
Intercept Iden Farm 909.86 14.34 63.43 <.0001 a~~= 
Slope 1 den Farm - 1.92 0.39 - 4.84 <.0001 ~~ ~~ 
_Intercept Combined 895.46 11.79 75.92 <.0001 a~ ~~ 
Slope Combined - 1.82 0.30 - 6.02 <.0001 ~~ 
Pnni:iic' _ - 0.77 
-, 
p~~i~~~ I~>>-~,~ - 0.75 
pC'c~n~hined - - 0.74 
AAERC -~ Plant Height = 866.15 - 1.3 5 x % of damage 
Iden Farm -~ Plant Height = 909.86 - 1.92 x % of damage 
Combined ~ Plant Height = 895.46 - 1.82 x % of damage 
' Growing Degree Days units (Wang, 1960} from planting to anthesis 
% of damage caused by ECB calculated as (tunnel length/plant height} 
~' p =correlation coefficient 
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CHAPTER 3. GENOTYPIC ANALYSES OF MAIZE INBREDS 
SELECTED FOR IMPROVED RESISTANCE TO STALK TUNNELING 
BY THE EUROPEAN CORN BORER 
Introduction 
Breeding for resistance to stalk tunneling by the European Corn Borer (ECB) has 
been effective at reducing the negative effects of this insect on maize production (Duvick, 
1992). Several inbred lines have been selected for relatively high resistance such as B52, 
DE811 and B86 (Russell and Guthrie, 1979; Hawk, 1985). They have been used in breeding 
programs to create populations aimed at combining favorable traits from different parents; 
i.e. to combine good agronomic performance of some inbreds with high resistance to ECB 
from those mentioned before. However, conventional selection is a lengthy and laborious 
process because native resistance is limited and difficult to maintain. Moreover, resistance to 
ECB 11as shown unfavorable correlation with other traits (Klenke et al., 1986) and the genetic 
mechanisms of resistance remain unknown. 
The advent of DNA marker techniques has allowed the researchers to look beyond 
the phenotype and assess the genotype of an individual at many genetic loci simultaneously. 
Construction of graphical genotypes (Young and Tanskley, 1989) and quantitative trait locus 
(QTL) analysis (Thoday, 1961) may help to dissect the complexity of a quantitative trait, 
characterize the genetic factors underlying it, identify candidate genes and define the 
biological basis of resistance mechanisms. 
A graphical genotype describes an entire genome in a single graphic image (Young 
and. Tanskley, 1989). For that, the parental contribution to the genome of an offspring is 
determined at a large number of loci defined by DNA markers and then, the numerical data 
are converted in a single image. Graphical genotypes have been used to investigate the origin 
of chromosomal segments and the parental contribution to distinct progenies in maize (Fahr 
et al., l 993), tomato (Young and Tanksley, 1989) and soybean (Lorenzen, 1995). The use of 
graphical genotypes opens the possibility of analyzing polygenic traits and performing 
selection based. on the constitution of the whole genome (Tanskley and Hewitt, 1988). 
QTL analysis was firstly proposed by Thoday (1961) and has been improved during 
the last 40 years by development of new genetic marker techniques, statistical methods and 
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computer packages in order to make it applicable to plant breeding (Knapp et al., 1990). By 
this methodology, genetic factors for resistance to ECB were identified in inbreds B52 and 
DE81 1 . Schorr et al. (1993) reported 7 QTLs distributed on chromosomes 1, 2, 3, 7, and 10. 
They explained 38% of the phenotypic variation in an F3 population derived from B73/B52 
population. The map position of two of those QTLs coincided with the findings of Cardinal 
et al . (2001). However, this latter group mapped other 7 additional QTLs conditioning 
resistance to ECB. These QTLs were located on chromosomes 2, 3, 5, 7, 8, and 9 and they 
explai~led 59% of the phenotypic variation among recombinant inbred lines (RILs) derived 
from I373/B52 population. Krakowsky et al. (2002) mapped 7 QTLs for resistance to second-
generation ECB using F3 lines derived from B73/DE811 population. They explained 42% of 
the phenotypic variation. All these research groups reported that most of the QTLs were 
contributed by the resistant parental inbred line. However, some QTLs were derived from the 
susceptible inbred as well. 
I~erein, backcross lilies (BC lines) derived from B73/B52 and B73/DE811 
populations were genotyped using simple sequence repeats (S SRs). These BC lines were 
previously assessed for phenotype of resistance to second-generation ECB. The first 
objective of this experiment was to genotype the BC lines of both populations in order to 
construct graphical genotypes, determine the origin of chromosomal segments and estimate 
the parental contribution to their genome. A second objective was to detect regions 
associated with ECB resistance and compare them with the location of QTLs reported by 
other researchers (Schorr et al., 1993; Cardinal et al., 2001; Krakowsky et al., 2002). The 
accomplishment of these goals will help elucidate the genetic mechanisms controlling the 
trait algid to assess the consistency of the detection of genetic factors affecting resistance in 
both populations. 
Materials and methods 
Development of populations and field experiments 
The development of populations and the selection process followed to obtain BC3-
FS :6 l isles resistant to ECB are described in Chapter 2. Also, the assessment of the phenotype 
for resistance to ECB for t11e BC lines is fully explained in that chapter. 
Collection of genotypic data 
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Leaf tissue samples were collected from 6 plants per BC line, B73, B52, B86 and 
DE811, grown in the field experiments at AAERC. Thirty days after planting, a pooled leaf 
sample for each entry was }larvested, lyophilized, ground and stored in a freezer at -20° C. 
_DNA was extracted according to the procedures published by Veldboom et al. (1994a). 
The .DNA markers used in these experiments were Simple Sequence Repeats or 
microsatellites (i.e.SSRs). They were used because their established positions on the maize 
gelled c map are already known, they are quite evenly distributed, they have codominant 
detection (allowing the differentiation between homozygous and heterozygous genotypes at 
the surveyed loci) and they are highly reproducible. The positions of the S SR primers on the 
genetic reap were inferred. from a pooled map constructed at Maize DB . The pooled map was 
created on the basis of numerous DNA markers in common among maps of several 
populations (Maize DB). rhlzere is not a complete correlation between maps. For this reason, 
small errors are accumulated in the pooled map construction. However, it is a valuable tool 
when the researchers do not have the opportunity to construct the genetic map of their 
populations. A standardized set of DNA markers were chosen as core markers. The core 
marl~er should be a single copy probe which gives an easily interpretable pattern in a variety 
of inbred lines. A strong preference has been given to those markers that are widely 
polymorphic and are available to researchers in both the public and private sectors (Maize 
DB). The designation of core markers allowed the maize genome to be divided into a series 
of 1.00 bins. Each bin is all interval of 10-15 cM defined by a pair of DNA markers. This bin 
system. has the advantage that any genetic trait can be localized to a small region of the 
genome by using a limited. number of DNA markers (Maize DB). 
The initial goal of this research was to survey one polymorphic primer per bin, which 
means, to have SSR primer pairs evenly distributed along the maize genetic map at intervals 
of approximately 10 cM. I n order to accomplish that goal, 510 pruner pairs were screened for 
.polymorphism between the two parental inbreds of each population. After the screening 
process, 180 pruner pairs detected polymorphism between B73 and B52 and 170 detected 
polyll~orphism between B73 and DE811; and 94 and 88 of them were surveyed in the BC 
lines derived from B73/B52 and B73/DE81 1, respectively (Table 3.1 and 3.2). The reason for 
this reduction in the number of SSR primers used is that more than one polymorphic primer 
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_pair mapped in the same bin, and they would produce repetitive and redundant information. 
SSR primers were also chosen based on their properties of detecting single loci and their 
capacity to produce amplif-ication products and good quality genotypic data. Their positions 
in the maize genetic map and their sequences are available at Maize DB 
(www.agro11.1n1ssourl.edu). PCR reactions and identification of amplified products in 4% 
agarose gels containing ethidium bromide were obtained according to the protocol described 
by Se»ior et al. (1996). Thi s protocol was followed during both screening for polymorphism 
and segregation data collection. Gels were observed with a transilluminator and photographs 
were talcen with a Polaroid camera and digital equipment (Alpha Imager ~ M 2000) for further 
data. scoring. 
The alleles present at each locus defined by SSRs in the BC lines were determined by 
COmpal i11g their bands patterns in the gel with those of the parental inbred lines. In that way, 
loci. 1~omozygous for B73 alleles were scored as `A', homozygous loci for B52 or DE811 
alleles (depending on the population being surveyed) were scored as `B', heterozygous 
B73/I352 and B73/DE811 loci were scored as `H', homozygous loci for non-parental alleles 
(NP) were scored as `D', heterozygous B73/NP loci were scored as `X', and heterozygous 
B52/NP and DE811/NP loci were scored as `Y'. If two different non-parental alleles were 
detected at the same locus, they have been scored as `D' and `E' respectively. Missing data 
were symbolized with `M' . 
.Determination of the parental contribution to the genome of the BC lines 
Once the genotype at each SSR locus was determined in the BC lines, the proportion 
of the total genome derived from each parent was calculated for each line separately; i.e. for 
B C11 ~ the proportion of B 7 ~ background in its genome = [# of bins homozygous B 73 B 73 + 
(0.5 x # of bins heterozygous B73_ )] /total # of bins surveyed. The same formula was used 
for 13 S 2, non-parental alleles and missing data. As observations taken on the same 
chromosome are not independent, these data were not used for statistical analysis. However, 
a descriptlon Of the results was included because it could help to understand other 
observations. The same procedure was applied for BC lines derived from B73/DE811. 
The parental genetic contributions were calculated on a per-locus basis across all BC 
lines; .e. for locus or bin l .00, the proportion of B73 alleles = [# of BC lines homozygous 
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B73B73 at locus 1.00 + (0.5 x # of BC lines heterozygous B73_ at locus 1.00)] /total # of 
BC lilies surveyed) x 100. rhhe same formula was used for B52, non-parental alleles and 
~nissil~g data. The frequency of homozygosity for B73, ho~nozygosity for B52 and 
heterOzygosity B73/B52 ~~~ere determined for each locus. The ratio of BC lines fiom a 
pope 1 anon with different genotypes at a locus is referred as the genotypic frequency (Fehr, 
1.987). The observed. genotypic frequencies at each locus were compared with the expected 
ratios according to the process of development of the lines (93.65% B73B73 : 6.15% 
B52B52 : 0.2% B73B52) using Chi-square test. Moreover, an ANOVA was performed at 
eac11 locus for comparison among % of damage and Ln (% of damage) means of BC lines 
homozygous for B73 alleles, homozygous for B52 or heterozygous B73/B52 at that locus. 
Non-parental alleles were considered as missing data. The Bonferroni correction for multiple 
tests «gas applied in order to control the experimental error rate in the last two analyses. The 
Chi-square tests and ANOVA were not performed in BC lines derived from B73/DE811 
population due to the small sample size. 
Construction of graphical genotypes 
A graphical genotype describes an entire genome of an individual in a single graphic 
image, showing the genomic constitution and parental derivation for multiple points in the 
genome determined by DNA markers (Young and Tanksley, 1989). As described before, the 
origin Of chromosomal segments of BC lines and B86 was determined at multiple loci 
defined by S SRs evenly distributed in the maize genetic map. The data of each B C line and 
B86 were entered separately in Excel spreadsheets according to the map location of the 
primer pairs. Regions of the genome in which several adjacent S SR loci have the same alleles 
as one of the parents (e.g. all from B73) were probably transmitted from that respective 
inbred 1 ine; so, they were identified with the same colors for more clear visualization. The 
pl:imaly assumption required at this point is that the genotype of the region between two 
DNA markers i s inferred. f ~~om the genotypes of the markers that delimit the interval. The 
most l kely and simple configuration requiring the fewest number of crossover events is 
adopted (Young and Tanksley, 1989). This means, when two adjacent loci have different 
SSR genotypes, it is assumed that only one crossover has occurred between the loci. These 
authors determined the theoretical estimates of the accuracy of graphical genotypes for a 
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genetic map of 1000 cM in which markers were evenly distributed every l OcM (similar 
features to the present study). For this, they considered that double crossovers will falsify the 
origin of the chromosomal. segment between two markers and the likelihood of double 
crossovers increases by the square of the probability of a single crossover. They also assume 
no interference between crossovers as well. Given these assumptions, approximately 3 3 % of 
the graphical genotypes are correct for all bins if high quality data were collected, and the 
other 67% are describing accurately the genomic constitution of the BC lines at 95 to 99% of 
the loci of their genomes. 
Finally, graphical genotypes of BC lines derived from the same population were 
arranged side by side and separated by chromosome in order to simplify the comparisons 
among lines' genomes. 
Comparison of QTL for ECB resistance with graphical genotypes of the BC lines 
The QTL for ECB resistance were detected in several studies conducted with 
B73/B52 and B73/DE811 populations (Schon et al., 1993; Cardinal et al., 2001; Krakowsky 
et a] ., 2002). Herein, loci showing association between the presence of certain alleles and 
phenotypic resistance to ECB were suggested. The location of these loci at the graphical 
genotypes was compared with QTLs for ECB resistance found by other researchers. For this 
purpose, map positions of QTLs found in studies conducted with the B73/B52 and 
B73/DE811 populations were arranged according to a maize genetic map generated by 
consensus of several studies. This pooled map is available at Maize DB and served as the 
basis for selection of SSRs used in the construction of graphical genotypes in this research. 
Coincidence between QTL positions detected in other studies and loci suspected to affect 
ECB _resistance in the BC lanes may be difficult to find. The ability to define common loci or 
regions among studies cool d be affected by the use of a common genetic map and different 
sets of molecular markers. Moreover, effects of sampling, environment, imprecision in 
evaluating quantitative phenotypes, reduce the capacity to determine QTL positions precisely 
(Cardinal et al., 2001). However, knowing these limitations, it was possible to find genomic 
regions of the BC lines that seemed to be related to ECB resistance. 
Results 
Backcross lines derived from B73/B52 population 
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Backcross lines represent one of the simplest situations for deducing graphical 
genotypes because ambiguities in their construction are highly reduced compared to F2 
individuals (Young and Tallksley, 1989). SSR pruner pairs detecting polymorphism between 
the two parental lines allowed surveying the genolnic composition and origin of the alleles at 
94 loci evenly distributed along the genomes of the BC lines and B86. Graphical genotypes 
for each BC line and B86 were constructed using this information and they are presented in 
Figures 3.1 to 3.10. The BC lines are arranged from the most resistant to the most susceptible 
to ECB according to the phenotypic data analyzed in Chapter 2. Their graphical genotypes 
are arranged by chromosome and highlighted with different colors (representing distinct 
possible origin of the alleles) in order to facilitate the visual discrimination of patterns of 
loci; ~ . e . loci or bins in light grey were inherited from the recurrent parent (B 73) . Regions in 
darl~ grey were inherited from the resistant parent (B52) being more abundant in certain 
chronloso~nes. when two consecutive loci have the same genotype, the genome of the 
segment between them is inferred to be that of the flanking markers; but when two adjacent 
loci have different genotypes, it is inferred that a crossover event has occurred between them. 
Another way to describe the graphical genotypes is by looking at each locus or bin. The 
11L1n~helS at the left side of the figures show the location of the loci defined by SSRs surveyed 
in this study. SSR location information was obtained from genetic reaps available at Maize 
DB; e.g. 1.05 means bin 5 of chromosome 1. At this bin, 33 of the 34 BC lines were 
homozygous for B73 alleles and only BC 17 retained B52 alleles. Another case is represented 
by hie 1.07 where 10 of the 34 BC lines were homozygous for B73 alleles and 24 BC lines 
were homozygous for B52. These different patterns of allele inheritance could have 
implications for detection. of regions associated with resistance to stalk tunneling by ECB . 
For this reason, a description of particular loci in combination with statistical tests will be 
included in this study. 
Allelic composition of the genome of the BC lines and parental origin 
As shown in Figures 3.1 to 3.10, the origin of the alleles present at 94 loci was 
determined for each BC line and B86. Loci showing the B73 genotype (A regions) are more 
common because B73 was used as recurrent parent during the development of the BC lines, 
but also more abundant in certain BC lines and/or certain bins. Loci containing B52 alleles 
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(B regions) are less abundant with a tendency to concentrate in certain bins for most of the 
BC lines. Heterozygous loci (H regions) were detected in a low proportion probably as a 
consequence of the several seasons of selfing performed after the three backcrosses. The 
prese~lce of non-parental alleles (D and E regions) at loci could be due to remaining 
heterozygosity in the original parents of the population, pollen contamination, seed mixture, 
and mutation. Gheti et al. (2002) analyzed the SSR variation among and within 6 important 
U . S . ~lzaize inbred lines obtained from 14 breeding programs. They found a significant 
amount of variation for each inbred (7.6 % of the total variation) contributed by different 
seed sources. Significant genetic differences (4.6 % of the total variation) were detected 
among plants of the same inbreds within a seed source. They concluded that complete 
homozygosity across all loci should not be assumed in any inbred seed source. Pollen 
contamination or seed mixture could also be causes of the detection of non-parental alleles. 
Mutation was not taking into account. It is possible that non-parental regions (D regions) 
occurred due to variation in the B73 seed source. This is supported by the results obtained 
with different primer pairs surveyed at common bins; i.e. two pruner pairs were surveyed at 
bins 1 .02, 6.05, 9.01 and 10.05 (Figures 3.1, 3.6, 3.9, and 3.10 respectively) showing a 
C011clirlellce between D (non-parental) and A (B73) regions. For example, bin 9.01 (Figure 
3.9) was surveyed with two pruner pairs (phi028 and bnlgl288). BC39, BC29, BC28, BC38, 
BC27, BC23 and BC24 were scored as homozygous for non-parental alleles using phi028. 
_However, all of them were homozygous for B73 when surveyed with bn1g1288. A similar 
situation was found at bins 1.02, 6.05 and 10.05. As no other evidence can be presented, non-
parental alleles will be considered as missing data when statistical tests are performed in this 
research. 
The utility of graphical genotypes in this study can be described with a hypothetical 
exal»ple. If ECB resistance is controlled by several known major loci, BC lines carrying B52 
alleles at those loci could be identified and checked for the resistant phenotype. However, 
other genomic regions inherited from B52 could confer undesirable properties with respect to 
those inherited fiom B73. "l~he graphical genotypes would help to select those individuals or 
BC lines carrying B52 alleles at the required loci but also carrying B73 alleles in a high 
proportion for the rest of the genome. 
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_Parental contribution to the genome of an offspring and detection of regions 
associated with resistance to ECB 
The B52 and. B73 genetic contributions in percentage to the total genome of the BC 
lines are presented in Table 3.3. The BC lines were developed following a backcross method 
explained in Chapter 2. According to this process, and assuming that phenotypic selection 
did not favor the inheritance of alleles from one or the other parent, the BC lines would have 
received an average of 6.25% of the alleles from B52 and 93.75% from B73. The observed 
genetic contributions showed a deviation from those expected: B52 contributed with 18.1 to 
32.4 ° ~~ of the alleles to the genome of the BC lines. Thus, observed contributions from B52 
are greater (2.9 to 5.2-fold) than those expected without selection. Nevertheless, this 
deviation can not be assessed by aChi-square analysis because all the observations are not 
Independent (some loci are on the same linkage group or chromosome). Therefore, adjacent 
loci_ could possess alleles l-role the same parent as a result of linkage drag. 
The B52 contribution to the genome of the progeny was higher than expected. Also, 
homogeneous values were observed for this variable among BC lines when the total genome 
was taken in consideration: ECB resistant BC lines (based on the phenotypic data) had an 
average of 24.2 % B 5 2 all e 1 es in their genolnes (range : 18.6 to 31.9 %), intermediate B C 
lines had 23.2 % of B52 alleles (18.1 to 32.4 %), and the susceptible BC33 had 22.3 % of 
B52 alleles (Table 3.3). A similar result was obtained when the Ln (% of damage) was used 
to def one the three phenotypic groups for resistance to ECB. However, a tendency to favor 
the inheritance of B52 alleles in certain genomic regions can be observed. This tendency is 
supported by t11e variation of the parental contribution when it is analyzed separately by 
chromosome or by locus. "hhe genetic contributions of the parents displayed by chromosome 
a1: e presented in Tables 3.4 to 3.13. The percentage of alleles inherited from B 52 is highly 
variable among BC lines »1 all chromosomes, B52 contribution varied from 3.8 to 38.5 % 111 
chromosome 1, fi-"0111 9.1 t~ 40.3 % in chromosome 2, frO1n O t0 apprOXllllately SO % 111 
chromosomes 3, 5 and 10, from 0 to approximately 37 % in chromosomes 4 and 7, from 0 to 
approximately 65 % in chromosomes 6 and 8, and from 12.5 to 62.5 % in chromosome 9. 
Nevertheless, deviations from the expected proportions can not be statistically tested either 
due to the lack of independence among observations. As a consequence, another analysis 
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should be performed on a per-locus basis because the alleles present at a given locus in a B C 
line are independent from the alleles present at the same locus in the other BC lines. The 
genetic contributions of the parental inbreds to the genome of the BC lines displayed by 
1 ocus or bin are presented i n Table 3.14. Two assumptions are needed at this point in order to 
define the null hypothesis ~ or the Chi-square tests: alleles conferring resistance to ECB are 
absent in both original parents of the population or they were not favored by selection and the 
inheritance of alleles at one locus is not affected by other loci in the genome. If these 
assumptions are valid, then the null hypothesis will support that the expected genotypic 
fi~ec~uencies at each locus are the same as the proportions expected for the complete genome 
(93.65% B73B73 : 6.15% B52B52 : 0.2% B73B52). Chi-square tests performed separately 
for every SSR locus de~nollstrate that the observed ratios deviated from the theoretical 
expectations (Table 3.15) at 33 loci after adjustment by the Bonferroni correction. These 
results suggest that the assumptions stated are not true. Therefore, alleles conferring 
resistance to ECB were present in B52 and they were probably favored by the phenotypic 
selection during the development of the BC lines. Also, some of them could have been 
retained due to linkage drag or other causes. An ANOVA was performed at each locus for 
comparison of % of damage of BC lines homozygous for B73, homozygous for B52 and 
heterozygous. These analyses showed significant differences at 19 loci in the mean 
environment (Table 3.15). Analyses were also performed at the AAERC and Idea Farm 
separately (Table 3.15). Eight of the 19 bins had the same results at both locations, 8 bins 
showed significant differences only at AAERC, and 3 bins were significant only at Idea 
Farm. When the Bonferroni correction was applied, only bin 1.10 was significant. However, 
as selection for ECB resistance was attempted for almost 10 seasons during the development 
of the BC lines, a reduced variability among their phenotypes is expected. This could explain 
the fai Lure for detection of phenotypic differences between genotypes at a locus when the 
statistical tests were adjusted. A similar situation was observed when Ln (% of damage) was 
-used as variable. 
Although the unadjusted ANOVA tests have known limitations, they may supply 
some clues when they are considered in combination with the adjusted Chi-square tests. 
From that analysis, 6 different kinds of loci were found: 
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a) Loci where the expected genetic frequencies were observed and no differences 
between BC lines carrying B73 or B52 alleles were detected. This category includes 50 loci 
or bins, e.g. 1.01, 1.02, LO3, 2.01, etc. 
h) Loci. where the expected genetic frequencies were not observed and no differences 
between. BC lines carrying .1373 or B52 alleles were detected. This category includes 25 loci 
or bins, e.g. 1.06-1.07, 1.07, 1.11, 2.09, etc. 
c) Loci where the expected genetic frequencies were observed and BC lines carrying 
B52 alleles showed higher resistance. This category includes 4 bins, 2.01-2.02, 3.04, 8.02, 
a~ld 8.0 9 . 
d) Loci. where the expected genetic frequencies were observed and BC lines carrying 
B73 alleles showed higher resistance. This category includes 7 loci or bins, 1.09, 1.10, 4.06, 
5.06, 7.04, 9.01, and 9.08. 
e) Loci where the expected genetic frequencies were not observed and BC lines 
carrying B73 alleles showed higher resistance. This category includes 2 bins, 2.00 and 2.10. 
f~ Loci where the expected genetic frequencies were not observed and BC lines 
carrying B52 alleles showed. higher resistance. This category includes 6 loci or bins, 1.00, 
3.06, S .07, 6.00, 8.03, and 8.08. 
The last four categories together contain 19 loci or bins. The differences between 
expected and observed genetic frequencies were caused by the high frequency of B52 alleles. 
These 19 loci seem to be t11e most interesting regions of the genome when the relationship 
between resistance to ECB and genomic composition is being assessed. These bins will be 
compared with QTL provided by other studies using F3 lines (Schon et al., 1993) and 
recombinant inbred lines (Cardinal et al., 2001) derived from the B 73 /B 5 2 population. 
A second approach that might provide information of genomic regions or loci 
associated with. resistance .may be performed by comparison of graphical genotypes of 
genetically related BC lines showing different phenotypes or levels of damage caused by 
-.ECB . Three cases were found. For them, the last four categories of loci defined before are 
taking in account. First, two closely related BC lines, BC 11 and BC 12, can be compared. 
Both gad a unique identity (BC3 -1291-1-2-3 -1-1) until the fifth season of selfing. Then, 2 
selfed ears were selected separately originating BC 11 and BC 12. Based on the phenotypic 
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data and using both % of damage and Ln (% of damage) as variables, they were classified as 
resistant and intermediate respectively. Only 1 of the 19 loci or regions (locus 1.00) 
suspected to be related to resistance to ECB carried different alleles. Locus 1.00 was 
homozygous for B73 alleles in BC 12 (intermediate) and homozygous for B52 in BC 11 
(resistant). A similar example is the comparison between BC 16 and BC 15. They are very 
closely related (the same relationship as BC 11 and BC 12 described before) but they were 
phenotypically classified as resistant and intermediate respectively. Only loci or bins 1.00, 
2.00 and 8.08 retained different alleles when the 19 regions of interest were compared. Loci 
or bins 1.00 and 8.08 were 11o~nozygous for B52 in BC 16 and homozygous for B73 in BC 15. 
Bin 2.00 was excluded because it carried non-parental alleles in BC 15. A third comparison 
could. be made among BC30 (resistant), BC31 (intermediate) and BC33 (susceptible). Seven 
of the 19 regions or loci carried different alleles: 1.00, 1.09, 1.10, 2.00, 3.06, 5.06, and 5.07. 
The line BC33 was homozygous for B73 at bins 1.00, 3.06, and 5.07; homozygous for B52 at 
1.09, 1 .10, and 5.06 and homozygous for non- parental alleles at 2.00. BC31 was 
homozygous for B73 at 1.09, 1.10, 5.06, and 5.07, and homozygous for B52 at the other 3 
loci . rhlle resistant line BC3 0 was homozygous for B73 at bins 1.10 and 5.06, heterozygous at 
3.06 and homozygous for B52 at 1.00, 1.09, 2.00, and 5.07. 
Backcross lines derived from B73/DE811 population 
SSR primer pairs detecting polymorphism between B73 and DE811 have been used 
to survey the genomic composition and origin of the alleles at 88 loci evenly distributed 
along the genomes of the I3C lines. Graphical genotypes for each BC line were constructed 
using this information and they are presented in Figures 3.11 to 3.15. Basically, the same 
methodology described for BC lines derived from B73/B52 population was also followed in 
B73/DE811 derived lines. Non-parental alleles (D regions) detected at some loci could be 
due to remaining heterozygosity in the original parents of the population. Three BC lines had 
non-parental bands at 1.1 to 6.8% of loci. The genetic contributions of B73 and DE811 to the 
genome of the BC lines are presented in Table 3.16. The BC lines are expected to have an 
average of 6.25% of the alleles from DE811 and 93.75% from B73 if the backcross process 
dial not favor the inheritance of alleles of either parent. DE811 alleles were retained in higher 
proportions than expected. Five BC lines had a DE811 contribution of 14.8 to 18.8 % of the 
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total alleles, and DEBC 10 received 55.1 % of DE811 alleles. Lack of independence among 
observations impeded the nse of statistical tests such as Chi-square analysis for assessment of 
the differences. However, the observed frequencies of DE811 alleles are clearly higher than 
expected (2.3 to 8.8-fold). 
As a consequence ofd the previous observations, the BC lines derived from 
B73/DE811 were divided in two groups for a best characterization: group 1 consists of 
DEBCS, DEBC6, DEBC7, DEBCB and DEBC9, and group 2 consists of DEBC 10. Lines of 
group 1 are all intermediate for ECB resistance based on the phenotypic data and they have 
an avel-age of 1.6.8 % of DE811 alleles (range: 14.8 to 18.8 %). The resistant DEBC10 (group 
2) have 55.1 % of DE811 alleles (Table 3.16). When Ln (% of damage) was used to 
discriminate the phenotypes for ECB resistance, all BC lines fall in the intermediate group. 
T11e tendency to favor the inheritance of DE811 alleles in certain genomic regions can be 
noted, although frequently i s not so clear. The genetic contributions of the parents to their 
progeny displayed by chromosome are presented in Tables 3.17 to 3.26. The percentage of 
alleles inherited from DES 1 1 is highly variable among BC lines in all chromosomes: DES 11 
contribution in chromosome 1 varied from 0 to 3 3.3 % in group 1 and it was 75.0% for 
DEBC 10, in chromosome 2 varied from 12.5 to 3 7.5 % in group 1 and it was 3 7.5 for 
DEBC 10, etc. Lack of independence among observations blocked again the use of statistical 
tests. "Yhe analysis on a per-locus basis performed in B73/B52 population could. not be 
applied here because the sample of BC lines is too small for statistical data analysis. 
However, a description based on the observation of the graphical genotypes will be included. 
Difficulties were found to define classes of loci as in the previous population because of the 
small size population. However, loci carrying only B73 alleles in all BC lines such as 1.01, 
2.1.0, 3.00, etc, were found; also, loci carrying DE811 alleles only in few BC lines such as 
1.00, l .03, 2.08, 3.02, etc; loci carrying DE811 alleles in at least 50% of the BC such as 1.06-
1 .07~ 2.03, 2.04, 3.04, etc; and loci carrying DE811 alleles in almost all BC lines such as 4.00 
and. 4.01. 
The association between resistance to ECB and genomic composition is hard to assess 
with the small sample of I3C lines in this population. Moreover, 5 BC lines fell in the same 
phenotypic category and the sixth one was classified as resistant and intermediate when % of 
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damage and Ln (% of damage) were considered as the discriminatory variable respectively. 
:However, solve regions of the genetic map have higher concentration of DE811 alleles. This 
high fi equency of DE811 alleles at some loci could suggest an association between them and 
resistance to ECB. The most notable region includes bins 4.00 and 4.01. Five of the 6 BC 
lines were homozygous for DE811 alleles at those bins. Other regions of the genome can be 
noted. such as locus 1.06-1.U7, region 2.02-2.04 and chromosome 10. Locus 1.06-1.07 was 
:homozygous for DE811 at 4 of the 6 BC lines. The region between bins 2.02-2.04 has DE811 
contribution in all the BC l i ~1es. Chromosome 10 has retained the highest mean percentage of 
DE811 alleles. However, t11e most resistant line (DEBC 10) was homozygous for DE811 only 
at locus 10.07. The other BC lines had DE811 alleles at several loci but without a clear 
patten~ of distribution. As a consequence, the high presence of DE811 alleles at chromosome 
10 could be caused by other factors not related to ECB resistance such as reduced 
recombination. 
Discussion 
A graphical genotype reduces discrete genotypic data into a concise graphic image of 
an individual's linkage groups or chromosomes (Young and Tanksley, 1989). The graphical 
display allows for rapid visualization of data and can simplify interpretation because it gives 
a powerful visual ove~:view of the genetic relationships between individuals in a population 
(Boutin et al., 1.995). In this research, graphical genotypes of BC lines selected for resistance 
to stalk tunneling by ECB were constructed in order to assess their genetic constitution. For 
this, the origin. of chromosomal segments was determined as well as the parental contribution 
to the genome of the BC lines. The survey and analysis of the genetic constitution and allele 
freduellcies provided the information to learn about the genetic background of the BC lines 
and to detect genomic regions associated with resistance to ECB . 
Approximately 90 polymorphic SSR primer pairs were surveyed in BC lines from 
both _populations. This represents 1 pruner pair per l OcM on the maize genetic map (Maize 
DB). Young and Tanksley (1989) determined the theoretical estimates of the accuracy of 
graphical genotypes for a genetic map of 1000 cM in which markers were evenly distributed 
ever~T l OcM (similar features to the present study). The genomic constitution of the BC lines 
is described accurately at 95 to 99% of the loci of their genomes. These estimates considered 
~~ 
that t11e genotype of a non-l-ecombinant interval is inferred from the genotypes at the flanking 
SSR loci. Double crossovers will falsify this inference and the likelihood of double 
crossovers increases by the square of the probability of a single crossover between the 
adj accnt markers. The model also assumes no interference between crossovers for calculating 
the estimates. Thus, the high availability of polymorphic SSR primer pairs through the entire 
maize geno~ne has been essential to determine the origin of chromosomal segments and later 
construction of accurate graphical genotypes. 
Most of the BC lines were homozygous at 98 % of the SSR loci due to several 
generations of self pollination followed after the three backcrosses to the recurrent parent of 
the populations. For this reason, only one set of the homologous chromosomes was shown in 
the results. This is a common way to represent the graphical genotypes of individuals or lines 
obtained from backcrosses or inbreeding. Ambiguities for determining the genotype of a 
locus are highly reduced in the construction of graphical genotypes of inbreds respect to 
other 1{ind of progeny such. as F2 individuals. These ambiguities occur when heterozygous 
loci are separated by one or more homozygous loci (Young and Tanksley, 1989).The 
proportion of heterozygous loci in the BC lines is less than 2 %. Therefore, the error rate due 
to th1 s factor is around 1 %~. 
The detection ofnon-parental alleles could be explained by the assumption of 
residual heterozygosity or 1leterogeneity in the parental inbreds. A significant amount of 
variation was detected among plants of the same six inbreds within eight seed sources (Gheti 
et al., 2002). They found a significant amount of variation (4.6 % of the total) among plants 
of the same inbreds within. a seed source. As a consequence, they suggested that complete 
homozygosity should not be assumed in any inbred seed source. Non-parental bands in BC 
lines derived from B 73 /B 5 2 population could also have occurred by pollen contamination 
and./or seed mixture associated to B73. The results obtained surveying two primer pairs at the 
same bin supported the previous observation. Bins 1.02, 6.05, 9.01 and 10.05 showed a 
concurrence between D (non-parental) and A (B73) regions. Mutation and recombination 
events during line development and maintenance are excluded from the possibilities. 
The observed contributions of B73 and B52 to the genolnes of the BC lines were 
different from the expected contributions assuming the absence of both selection and genetic 
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linkage. If selection for resistance to ECB has not been effective the frequency of alleles 
from the resistant parent should have not increased with respect to the expected frequencies. 
Linkage drag can affect the observed frequencies and the assessment of the association 
between. tunneling resistance and certain regions of the genome. The proportion of B52 in the 
genome of the I3C lines was 2.9 to 5.2 times greater than expected. Similar deviation was 
observed in BC lines derived from B73/DE81 1. The proportion of DE811 alleles in their 
genomes was 2.3 to 8.8 times greater than expected. These results suggest that several forces 
such as selection, genetic linkage, and genetic drift could be affecting the proportion of 
alleles derived. from each parent. No other reports were found related to parental derivation 
of alleles in a progeny obtained by backcross and selection for a specific trait. However, Fahr 
et al. (l 993) studied the proportion of inbred B86 genome contributed by its parental lines 
using RFLPs. B86 originated from a single cross population (B52 x Oh43). Selection for 
0114 3 agronomic features and resistance to ECB (from B52) was accomplished during its 
development. Approximately 51 % of the B86 genome was derived from B52 and 49% from 
Oh43 . The overall 1:1 ratio observed in B 86 is in harmony with expectations assuming the 
absence of selection and genetic drift (Fahr et al., 1993). This does not seem to be the case of 
BC lines used in the present research because of the high percentage of B52 or DE811 alleles 
observed. 
In the B73/B52 population, three groups of BC lines were identified according to 
their phenotype of resistance to ECB. Table 2.10 (Chapter 2) shows the BC lines classified as 
resistant, intermediate and susceptible. The average percentage of B52 genome was almost 
equal for them (24.2%, 23.2% and 22.3%, respectively). This observation can be associated 
with. concepts published by Falconer (1988). According to this author, under a strong 
inbreeding scheme, fixation or loss of alleles due to random drift is the predominant force 
determining the parental contributions to the genome of their offspring. The relative 
contribution of 852, DE811 and B73 to certain regions of the BC lines' genomes and its 
possible relationship with the phenotype for resistance to ECB, could also suggest the 
occLlrrclzce of positive selection of some alleles. B52 allele derivation was not homogeneous 
among the genomes of the BC lines. For example, six BC lines received less than 8 % of B52 
alleles in chromosome 1 bt~t other six received 38.5%. The same situation was observed for 
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the ten chromosomes. Thy s could be partially explained by possible variation on frequencies 
of effective recombination events among chromosomes or BC lines and presence of more 
genes conferring resistance on some chromosomes than on others. A similar observation can 
be 11~ade analyzing the data. by locus. Twenty one loci retained B73 alleles in more than 90 
of the I3C lines but eight retained B52 alleles in more than 55 % of the BC lines. 
In the B73/DE811 population, 5 BC lines had intermediate resistance and one BC 
line (DEBC 10) was ~:esistant or intermediate depending on the variable used to assess the 
trait (`%~ of damage or Ln°/~ of damage respectively). In DEBC 10 5 5.1 % of the alleles were 
derived from DE811. The S intermediate lines had an average contribution of 16.8% DE811 
genome. However, as in the other population, inheritance of alleles from the resistant 
parental. line was not homogeneous on the basis of chromosomes or loci. 
The statistical. analyses on a per-locus basis showed deviation from the expected 
genotypic ratio at 33 loci. The association between B52 or B73 alleles with the phenotype for 
.ECB resistance was found at 19 loci. However, this latter result was not adjusted for multiple 
statistical tests. As a consequence, there is a relatively high risk of false associations because 
the experimental error rate was not controlled. In spite of this limitation, the comparison 
between QTL information i-rom other studies and the location of those 19 loci could give 
some clues about the relevance of these findings. Wright (1968) estimated that four effective 
factors determine resistance to ECB. However, the methodology and formula used by this 
author provides an estimate of the number of genes only under the assumption of purely 
additive gene action and independent segregation of genes with equal effects. Onukogu et al. 
(1978) investigated the number and location of genes involved in resistance against second-
generation ECB. For this, translocation stocks were crossed onto two susceptible inbred lines 
while 1352 served as the source of resistance genes. They found seven chromosome arms (1 S, 
1 L, 2L, 3S, 4L, 5S and 8L) showing significant association with resistance to ECB. With the 
advent of the DNA marker technology, QTL mapping has become another option for 
detecting associations between genotype and phenotype. Schon et al., (1993) mapping QTLs 
for resistance to second-generation ECB in F3 lines derived from B73/B52 population, 
reported the presence of 7 QTLs explaining 3 8% of the phenotypic variation. Five of them 
(1 S, 1 L, 2S, 2L and 3L) were contributed by B52 and the other two QTLs (7L and l OL) by 
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B73 . The QTLs found by Schon et al., (1993) could be also located in a linkage leap 
underlying the present study which was constructed from pooled data of several crosses. T111S 
pooled. leap can have small errors because the correlation of the DNA markers among the 
popuJ ati o11s used in its construction is not perfect. However, in spite of this limitation, it is a 
possible way to compare ~nf orination obtained from different studies. According to this leap 
(M ai zc DB), the QTL positions for 1 S, 1 L, 2 S, 2L, 3 L, 7L and 1 OL correspond to bins 1.01-
1.02, 1. .07-1.08, 2.03-2.04, 2.08-2.10, 3.04-3.06, 7.04, and 10.04 respectively. Genetic 
mapping and analysis of QTL for resistance to ECB was studied later by Cardinal et al. 
(2001). They used recombinant inbred lines derived from the B73/B52 population. Nine 
QTLs explaining 59% of the phenotypic variation were found. They correspond with bins 
2.05, 2.08, 3.01, 3.04, 5.06, 7.02, 8.07-8.08, 9.01, and 9.03 in the pooled genetic map. QTLs 
at bins 3.01, 8.07-8.08 and 9.01 decreased tunneling caused by ECB if they were derived 
fi~onl 1373; the others decreased tunneling if they were contributed by B52. Two QTLs (ulnc4 
and. dupssr5) detected in this latter study were also found by Schon et al. (1993) at the salve 
map positions (2.08 and 3.04 respectively). 
According to the results of the present study, there is some evidence that 19 loci could 
be related with resistance to second-generation ECB in BC lines derived from B73/B52 
population. The location o_l, the 19 loci can be compared with the QTL described by previous 
researchers. Bin 3.04 showed. positive association between the presence of B52 alleles and 
resistance to ECB. QTLs at the salve location (Figure 3.16) were found by Schon et al. 
(1.993) and Cardinal et al. (2001). The same relationship was observed for bin 3.06 but a 
QTL at that bin was detected only by Schon. Three of the 19 loci showed association 
between reduced tunneling and B73 alleles; bin 7.04 coincides with a QTL reported by 
Schon et al.(1993) and bins 5.06 and 9.01 with QTL found by Cardinal et al. (2001). Two 
bins (2.10 and 8.08) had opposite results to those obtained by Schon et al., (1993) and 
CCardinal et al. (2001) respectively. A QTL contributed by B52 had been detected by Schon et 
al. (1993) at locus 2.10 but an association between resistance to ECB and B73 alleles was 
observed here. The same author found a QTL contributed by B73 at bin 8.08 but an 
association between B 52 alleles and reduced tunneling was detected in this study. 
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l~rakowsky et al. (2002) found 7 QTL for ECB tunneling in F3 lines derived from 
B73/DE811 population. The QTLs explained 42% of the phenotypic variation and they were 
1 ocated on chromosomes 1 ~ 3, 4, 5 and 8. Those QTL correspond to bins 1.02, 1. .03, 3.05, 
4.03, 5.03, 5.07 and 8.05 in the pooled leap. The number of BC lines derived from 
B73/DE811 is too small to perform statistical analyses on a per-locus basis. For this reason, 
only ~~ descriptive summary of the bins corresponding to the QTL detected by Krakowsky et 
al. (2002) is included (Figure 3.17). QTL located at bins 1.03 and 4.03 reduced tunneling 
Whell they Wel'e lllhel'lted _f-1'0111 B73. These regions had B73 alleles in all BC lines with 
exception of DEBCB that was heterozygous at 1.03. However, the small number of BC lines 
is limiting the analysis. Therefore, it is not possible to determine if only B73 alleles are 
_present at those bins just by chance or due to a positive selection during the development of 
the lines. Therefore, it is not possible to assess the validity of these results. QTLs located at 
1.02, 3.05, 5.03, 5.07 and 8.05 reduced tunneling when they were contributed by DE811. Bin 
8.05 had DE811 alleles in 50% of the BC lines. Only DECB 10 had DE811 alleles in the 
other' four bins. These observations suggest that QTLs found by Krakowsky et al. (2002) do 
not correspond with regions of the BC lines genome showing a high occurrence of B52 
alleles such as bins 4.00 and 4.01, region 2.02-2.04 and chromosome 10. The lack of 
concurrence between QTLs or loci associated with a trait detected in different generations of 
the same population has been observed in most of the populations (Melchinger et al., 1998; 
Cardinal et al., 2001; Krakowsky et al., 2002). Many factors could cause such differences 
such as methods used for detection of QTLs or loci associated with the trait of interest, 
sample sizes, environment, and inbreeding levels (Beavis, 1994; Melchinger et al., 1998; 
Cardinal. et al., 2001). Moreover, three additional factors could have affected the comparison 
betwceli the results of the present research and those previously reported. First, different sets 
of molecular markers were used. Recombination distances between the same DNA markers 
may vary among experiments and populations. More variation may be noticed if the set of 
DNA markers are different. The information of both experiments should be specially 
arranged in order to make them comparable. Second, information from several genetic leaps 
was grouped in a pooled leap. The pooled map was created on the basis of DNA markers in 
common among maps of several populations (Maize DB). As there is not a complete 
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correlation between leaps, unl~nown errors are accumulated during the pooled snap 
construction. The location of QTL was based in the results of only one population, and as a 
consequence the genetic distance between the markers flanking a QTL in that map could be 
different from the pooled 1»ap. Finally, the methodology for detecting associations between 
resistance to ECB and a particular genomic region differed from the procedures for QTL 
napping. The presence of positive or negative false associations between genomic regions 
and phenotype could affect the comparison. Moreover, QTL positions estimated by different 
algo~~ithms have confidence intervals of up to 20 cM (Cardinal et al., 2001) limiting the 
precision of the studies. T11us, the capacity to find coincident regions is limited. 
The contribution of B52 and B73 at the 191oci suspected to affect resistance to ECB 
was assessed using the graphical genotypes of closely-related BC lines with different degrees 
of resistance to ECB. Three sets of BC lines net these conditions, BC 11 and BC 12, BC 15 
and. I3C 16, and BC30, BC31 and BC33. In the first set, one of the 19 loci retained distinct 
alleles. Bin 1.00 had B52 alleles in BC 11 and B73 alleles in BC 12. In the second set, three of 
the 1 ~~ loci showed differences. Bins 1.00, 2.00 and 8.08 were homozygous for B52 alleles in 
BC 16 and homozygous foh B73 or non-parental alleles in BC 15. In both cases, the resistant 
BC lies retained favorable alleles at those loci. In the last set, seven of the 19 loci showed 
distinct genotype among the BC lines. The BC30 (resistant) and the BC31 (intermediate) 
retained alleles associated. with reduced tunneling at 5 of the 7 loci differing from the 
susceptible BC33 which had those alleles at none of them. Several studies have reported 
additive gene action conditioning resistance to second-generation ECB (Scott et al., 1967; 
Jennings et al., 1974). If the 19 loci suggested to affect the amount of damage caused by ECB 
are truly determinants of a great proportion of the phenotype, then the idea proposed by Scott 
anal. 1 ennings would support the present results. This is inferred from the fact that more 
alleles for resistance to ECB were present at the 19 loci of those BC lines showing higher 
degrees of resistance. However, also dominant and epistatic effects were l: eported for 
resi stance to stalk tunneling by ECB (Cardinal et al., 2001). Such effects cannot be assessed 
with the information provided by graphical genotypes and the statistical tests performed in 
this research. For this reason, such inferences or conclusions are beyond the scope of this 
study . 
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Table 3.1. SSR Primers Used to Genotype Backcross Lines from the B73/B52 Population 
Primer Bin /Map Primer Bin /Map Primer Bin /Map 
Pair s Location Pair1 Location Pair s Location 
umc l ] 06 1.00 umc2008 3.09 bnlg 1792 7.02 
bnlg 1 U l4 1.01 umc2048 3.10 umc 1015 7.03 
umc 1070 1.02 phi 072 4.00-4.01 umc 1944 7.04 
umc2224a 1.02 bnlg 1318 4.01 phi 082 7.05 
bnlg 43 9 1.03 umc2082 4.03 phi 116 7.06 
umc 1.689 1.05 phi 096 4.04 umc 1327 8.01 
bnlg 1 S 98 1.06 phi 079 4.05 umc 1974 8.02 
umc 1.3 3 5 1.06-1.07 umc2027 4.06 phi 115 8.03 
umc 13 56 1.07 dupssr 34 4.07 phi 014 8.04 
phi 03 7 1.08 phi 093 4.08 bnlg 162 8.05 
umc 13 06 1.09 umc 1940 4.09 umc 1997 8.06 
p1113 08707 1.10 bnlg 1917 4.10 umc 13 84 8.07 
umc l 421 1.11 bnlg 1890 4.11 phi 080 8.08 
umc 1797 1.12 mmc0151 5.00 umc 163 8 8.09 
phi402893 2.00 bnlg 13 82 5.01 phi 028` 9.01 
umcl 227 2.01 umc1587 5.02 bn1g1288 9.01 
umcl 552 2 01-2.02 bnlg 557 5.03 dupssr 6 9.02 
dupssr 27 2.03 umc 1822 5.05 umc 1743 9.03 
bnlg 108 2.04 phi 087 5.06 bnlg 1714 9.04 
dupssr2 l 2.05 phi 048 5.07 umc 1657 9.05 
umc 1875 2.06 umc 1792 5.08 umc 1789 9.06 
umc2129 2.07 bnlg 1043 6.00 umc 1804 9.07 
bn1g1940 2.08 Y1 ssr 6.01 umc1982 9.08 
bnlg 1893 2.09 bn1g2151 6.02 umc 13 80 10.00 
ulnc2184 2.10 umc 18 87 6.03 -6.04 umc 1319 10.01 
umc21.09 3.00 ~nmc0523 6.04 u111C 13 3 7 10.02 
umc2071 3.01 bnlg 1154 6.05 bnlg 210 10.03 
phi3 741.18 3.02 bnlg l 732 6.05 phi 084 10.04 
bn1g1447 3.03 umc1424 6.06 umcl 506 10.05 
phi029 3.04 bnlgl 136 6.07 bn1g1250 l̀ 10.05 
dupssr23 3.06 bnlg 13 67 7.00 bn1g2190 10.06 
umcl 528 3.07 mmc0171 7.00-7.01 umc1084 10.07 
umc2174 3.08 umc2160 7.01 
Pril»er pair details such as sequences and snap position were obtained from Maize DB 
(w«~«~.a~ron.m issouri.edu) 
`' Phimer pairs used only to check_ the origin of non-parental alleles 
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Table 3.2. SSR Primers Used to Genotype Backcross Lines from the B73/DE811 Population 
Pri 11~ er Bin /Map Primer Bin /Map Primer Bin /Map 
Pal i r' Location Pair ~ Location Pair l Location 
umc 11.06 1.00 umc2278 4.00 umc 1695 7.00 
bn1g1014 1.01 bnlgl318 4.01 m1nc0171 7.00-7.01 
bn1g1178 1_.02 umc2039 4.03 bn1g1792 7.02 
phi001 1.03 urnc 1821 4.04 umc 1015 7.03 
umc 1917 1.04 umc 1511 4.0 5 umc 1944 7.04 
ul~lc 1689 1. .05 umc2027 4.06 umc 1154 7.05 
bnlg 15 98 1.06 bnlg 1927 4.07 umc 1760 7.06 
umc 1 3 3 5 1..06-1.07 utnc2009 4.08 umc 13 5 9 8.00 
umc 13 56 1.07 umc 1940 4.09 umc 1327 8.01 
umc 1446 1.08 u~nc 1532 4.10 umc2004 8.02 
phi265454 1.11 bn1g2186 4.11 bn1g2082 8.03 
umc 1797 1.12 u~nc 1097 5.00 bnlg 119 8.04 
umc 1823 2.02 bnlg 1836 5.01 bnlg 1812 8.05 
dupssr27 2.03 umc1587 5.02 bn1g1056 8.08 
bn1g1018 2.04 bn1g1902 5.03 umc1638 8.09 
bnlg 1 ~ 0 2.05 bnlg 1208 5.04 umc 1040 9.01 
umc 1875 2.06 umc 1822 5.05 dupssr6 9.02 
umc2129 2.07 bn1g609 5.06 bnlgl27 9.03 
dupssr25 2.08 phi 128 5.07 umc 1771 9.04 
umc2214 2.10 bnlg 118 5.07-5.08 umc 1657 9.05 
umc2109 3.00 umc 1792 5.08 umc 173 3 9.06 
umc 105 7 3.02 umc 1829 5.08-5.09 umc 1804 9.07 
bnlg 1.447 3.03 bnlg 1043 6.00 umc 1982 9.08 
phi029 3.04 bn1g107 6.01 umc2053 10.01 
umcl 307 3.05 umc1006 6.02 phi059 10.02 
bnlg 1449 3.06 u~nc 1014 6.04 bnlg 103 7 10.03 
umc2050 3.07 bnlg 1154 6.05 umc 1077 10.04 
phi046 3.08 bnlg 1759 6.07 umc2122 10.06 
bnlg 1754 3.09 u~nc2059 6.08 bnlg 1677 10.07 
bnlg 1.098 3.10 
' P~~imer pair details such as sequences and map position were obtained from Maize DB 
(www.~~ron.missouri.edu)
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Table 3.3. Genetic Contribution in Percentage to the Genome of BC lines from the 
B73/B52 Population 
Genotype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
BC33 S 70.7 22.3 
BC32 I 70.7 21.8 
BC8 I 76.6 21.8 
BG > I 75.5 18.1 
BC34 I 70.8 18.6 
BC36 I 64.3 23.4 
BC40 I 57.5 32.4 
BCl 5 I 70.2 19.7 
BC 12 I 66.5 22.9 
BC24 I 64.4 28.2 
BC22 I 80.3 18.6 
BG7 I 64.9 22.3 
BC7 I 73.4 25.0 
BC3 l I 71.8 24.5 
BC2.5 I 61.2 28.2 
BC9 R 78.2 20.2 
BC21 R 79.3 19.1 
BG 9 R 75.0 23.4 
BC 10 R 78.7 19.7 
BCl7 R 68.6 19.7 
BC20 R 79.8 1.8.6 
BC 14 R 67.5 24.5 
BC23 R 69.2 23.9 
BC27 R 66.5 28.7 
BC 16 R 65.4 26.1 
BC38 R 60.1 26.1 
BCl3 R 66.0 23.9 
BC30 R 72.9 23.4 
B C 1 1 R 66.5 23.4 
BC28 R 61.2 27.7 
BC 18 R 66.5 22.9 
BC26 R 62.2 31.9 
BC29 R 56.4 31.4 
BC39 R 60.1 26.1 
5.9 
6.4 
1.6 
5.3 
8.5 
11.2 
10.1 
10.1 
10.6 
7.4 
1.1 
11.7 
1.6 
3.7 
10.6 
0.5 
1.6 
1.6 
0.5 
10.6 
1.6 
8.0 
6.9 
4.8 
8.5 
12.8 
10.1 
3.7 
10.1 
11.1 
10.6 
5.9 
12.2 
12.8 
0.0 1.1 
0.0 1.1 
0.0 0.0 
1.1 0.0 
2.1 0.0 
0.0 1.1 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 1.1 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 1.1 
0.0 0.0 
0.0 0.0 
0.0 1.1 
0.0 1.1 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.0 0.0 
1373 contribution to BCn =[# of bins homozygous B73B73 + (0.5 ~. # of bins heterozybous B73_ )] /total 
of bins surveyed x 100. The same procedure was used for B52, NPI, NP2 and missing data 
I' = Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
intermediate; S= susceptible 
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Tat~le 3.4. Genetic Contribution in Percentage to Chromosome 1 of BC lines from the 
B73/B52 Population 
Gel~otype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
BC33 S 61.5 30.8 0.0 
BC32 I 61.5 30.8 0.0 
BC8 I 80.8 1.5.4 3.8 
I3C35 I 69.2 23.1 7.7 
BC 34 I 69.2 23.1 7.7 
BC36 I 53.8 23.1 23.1 
BC40 I 53.8 30.8 15.4 
BC 15 I 57.7 26.9 15.4 
BC12 I 61.5 23.1 15.4 
BC24 I 53.8 38.5 7.7 
B C22 I 92.3 7.7 0.0 
BC37 I 53.8 23.1 23.1 
BC7 I 80.8 15.4 3.8 
BC3 l I 73.1 26.9 0.0 
BC2~ I 53.8 38.5 7.7 
BC9 R 80.8 1.5.4 3.8 
BC2l R 88.5 7.7 3.8 
BC 19 R 88.5 7.7 3.8 
BC]0 R 80.8 1.5.4 3.8 
BC 17 R 46.1 30.8 23.1 
BC20 R 92.3 7.7 0.0 
BC14 R 46.1 38.5 15.4 
BC23 R 53.8 38.5 7.7 
BC27 R 53.8 38.5 7.7 
BC16 R 50.0 34.6 15.4 
BC38 R 76.9 7.7 15.4 
BC13 R 46.1 38.5 15.4 
BC30 R 69.2 30.8 0.0 
BC 11 R 53.8 30.8 15.4 
BC28 R 53.8 30.8 15.4 
BC 18 R 53.8 23.1 23.1 
BC26 R 53.8 38.5 7.7 
BC29 R 53.8 30.8 15.4 
BC39 R 88.5 3.8 7.7 
0.0 7.7 
0.0 7.7 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
I373 contribution to BCn = [# of bins of Chr. l homozygous B73B73 + (0.5 x # of bins heterozygous 
1373_ )_~ /total # of bins surveyed in Chr.l ~. 100. The same procedure was used for B52, NP1, NP2 and. 
missing data 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
intermediate; S= susceptible 
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Table 3.5. Genetic Contribution in Percentage to Chromosome 2 of BC lines from the 
B73/B52 Population 
Genotype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
=BC33 S 63.6 27.3 9.1 0.0 0.0 
BC32 I 54.5 27.3 18.2 0.0 0.0 
BC8 I 81.8 18.2 0.0 0.0 0.0 
BC35 I 72.7 18.2 0.0 9.1 0.0 
BC34 I 72.7 18.2 0.0 9.1 0.0 
BC36 I 63.6 18.2 18.2 0.0 0.0 
BC40 I 59.1 18.2 22.7 0.0 0.0 
BC 15 I 68.2 9.1 22.7 0.0 0.0 
BC 12 I 54.5 18.2 27.3 0.0 0.0 
BC24 I 81.8 18.2 0.0 0.0 0.0 
BC22 I 90.9 9.1 0.0 0.0 0.0 
BC37 I 68.2 13.6 18.2 0.0 0.0 
BC7 I 77.3 22.7 0.0 0.0 0.0 
BC31 I 59.1 40.9 0.0 0.0 0.0 
BC25 I 81.8 18.2 0.0 0.0 0.0 
BC9 R 86.4 13.6 0.0 0.0 0.0 
BC21 R 90.9 9.1 0.0 0.0 0.0 
BC 19 R 90.9 9.1 0.0 0.0 0.0 
BC10 R 90.9 9.1 0.0 0.0 0.0 
BC17 R 63.6 18.2 18.2 0.0 0.0 
BC20 R 90.9 9.1 0.0 0.0 0.0 
BC 14 R 59.1- 18.2 22.7 0.0 0.0 
BC23 R 72.7 27.3 0.0 0.0 0.0 
BC27 R 68.2 27.3 4.5 0.0 0.0 
BC16 R 54.5 27.3 18.2 0.0 0.0 
BC38 R 68.2 27.3 4.5 0.0 0.0 
BC13 R 63.6 9.1 27.3 0.0 0.0 
BC30 R 63.6 36.4 0.0 0.0 0.0 
BC 1 1 R 63.6 13.6 22.7 0.0 0.0 
BC28 R 77.3 18.2 4.5 0.0 0.0 
BC18 R 72.7 9.1 18.2 0.0 0.0 
BC26 R 54.5 36.4 9.1 0.0 0.0 
BC29 R 81. .8 18.2 0.0 0.0 0.0 
BC39 R 68.2 27.3 4.5 0.0 0.0 
B73 cc~nti-ibution to BCn = [# of bins of Chr.2 homozygous B73B73 + (0.5 x # of bins heterozygous 
1373 )~ /total # of bins surveyed in Chr.2 x 100. The same procedure was used for B52, NP1, NP2 and 
missing data 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
intermediate; S= susceptible 
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Tab 1 e 3.6. Genetic Contribution in Percentage to Chromosome 3 of BC lines from the 
B73/B52 Population 
Genotype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
BC33 S 70.0 0.0 30.0 
BC32 I 70.0 0.0 30.0 
BC8 I 90.0 10.0 0.0 
BC35 I 65.0 25.0 10.0 
BC~34 I 50.0 20.0 30.0 
BC36 I 90.0 0.0 10.0 
BC40 I 50.0 20.0 30.0 
BC 15 I 1.00.0 0.0 0.0 
BC12 I 75.0 15.0 10.0 
BC24 I 55.0 45.0 0.0 
BC22 I 100.0 0.0 0.0 
BC37 I 85.0 5.0 10.0 
BC7 I 85.0 15.0 0.0 
BC31 I 65.0 15.0 20.0 
BC25 I 50.0 40.0 10.0 
BC9 R 80.0 20.0 0.0 
B C21 R 1.00.0 0.0 0.0 
BC19 R 75.0 25.0 0.0 
BC 1O R 80.0 20.0 0.0 
BC 17 R 80.0 10.0 10.0 
BC20 R 1.00.0 0.0 0.0 
BC14 R 90.0 10.0 0.0 
BC23 R 55.0 45.0 0.0 
BC27 R 50.0 50.0 0.0 
BC 16 R 100.0 0.0 0.0 
BC38 R 45.0 35.0 20.0 
BC13 R 90.0 10.0 0.0 
BC3O R 75.0 5.0 20.0 
BC1 1 R 85.0 5.0 10.0 
BC2~ R 40.0 40.0 20.0 
BC 18 R 80.0 10.0 10.0 
BC26 R 50.0 50.0 0.0 
BC29 R 35.0 45.0 20.0 
BC39 R 60.0 .20.0 20.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
B7 ~ contribution to BCn = [# of bins of Chr.3 homozygous B73B73 + (0.5 x # of bins heterozygous 
B73_) ~ /total # of bins surveyed in Chr.3 x 100. The same procedure was used for B52, N P 1, N P2 and 
missing data 
P = T~c~cee of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
intermediate; S= susceptible 
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Table 3.7. Genetic Contribution in Percentage to Chromosome 4 of BC lines from the 
B73/B52 Population 
Genotype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
BC33 S 72.7 27.3 0.0 
BC3? I 72.7 27.3 0.0 
BC8 I 77.3 22.7 0.0 
BC3 S I 54.5 27.3 18.2 
BC34 I 63.6 18.2 18.2 
BC36 I 63.6 18.2 18.2 
BC40 I 72.7 27.3 0.0 
BC l 5 I 72.7 18.2 9.1 
BC 12 I 72.7 18.2 9.1 
BC24 I 81.8 0.0 18.2 
BC22 I 77.3 22.7 0.0 
BC37 I 63.6 18.2 18.2 
BC7 I 68.2 31.8 0.0 
BC31 I 63.6 36.4 0.0 
BC25 I 81.8 0.0 18.2 
BC9 R 100.0 0.0 0.0 
B C21 R 77.3 22.7 0.0 
BC 19 R 68.2 31.8 0.0 
BCl 0 R 100.0 0.0 0.0 
B C 17 R 72.7 9.1 18.2 
BC20 R 77.3 22.7 0.0 
BC]4 R 81.8 18.2 0.0 
BC2 ~ R S 1.8 0.0 18.2 
BC27 R 81.8 18.2 0.0 
BC16 R 72.7 18.2 9.1 
BC38 R 63.6 9.1 18.2 
BC1 3 R 77.3 18.2 4.5 
BC30 R 63.6 36.4 0.0 
BC1 1 R 72.7 18.2 9.1 
BC28 R 86.4 0.0 13.6 
BC18 R 72.7 9.1 18.2 
BC26 R 81.8 18.2 0.0 
BC29 R 63.6 18.2 18.2 
BC3) R 68.2 9.1 13.6 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
9.1 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
9.1 0.0 
B73 contribution to BCn = [# of bins of Chr. 4 homozygous B73B73 + (0.5 x # of bins heterozygous 
B73_ )_~ /total # of bins surveyed in Chr.4 ~. 100. The same procedure was used for B52, NP1, NP2 and 
missing data 
I' =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
intermediate; S= susceptible 
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Table 3.8. Genetic Contribution in Percentage to Chromosome 5 of BC lines from the 
B73/B52 Population 
Genotype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
=BC33 S 50.0 50.0 0.0 0.0 0.0 
BC32 I 50.0 50.0 0.0 0.0 0.0 
BC8 I 75.0 25.0 0.0 0.0 0.0 
BC35 I 100.0 0.0 0.0 0.0 0.0 
BC34 I 100.0 0.0 0.0 0.0 0.0 
BC36 I 25.0 56.3 6.3 0.0 12.5 
BC40 I 62.5 37.5 0.0 0.0 0.0 
BC 15 I 50.0 50.0 0.0 0.0 0.0 
BC 12 I 50.0 50.0 0.0 0.0 0.0 
BC24 I 87.5 12.5 0.0 0.0 0.0 
B C22 I 62.5 3 7.5 0.0 0.0 0.0 
BC37 I 25.0 50.0 12.5 0.0 12.5 
.BC7 I 62.5 37.5 0.0 0.0 0.0 
BC31 I 62.5 31.3 6.3 0.0 0.0 
BC25 I 87.5 12.5 0.0 0.0 0.0 
BC9 R 43.8 43.8 0.0 0.0 12.5 
BC2l R 56.3 43.8 0.0 0.0 0.0 
BC 19 R 62.5 37.5 0.0 0.0 0.0 
BC ] 0 R 37.5 50.0 0.0 0.0 12.5 
BC 7 R 62.5 37.5 0.0 0.0 0.0 
BC20 R 62.5 31.3 6.3 0.0 0.0 
BC 14 R 50.0 50.0 0.0 0.0 0.0 
BC23 R 87.5 12.5 0.0 0.0 0.0 
I3C27 R 87.5 12.5 0.0 0.0 0.0 
BC 16 R 50.0 50.0 0.0 0.0 0.0 
BC3 8 R 75.0 12.5 12.5 0.0 0.0 
BC l 3 R 50.0 37.5 12.5 0.0 0.0 
BC30 R 62.5 31.3 6.3 0.0 0.0 
BC 1 1 R 50.0 50.0 0.0 0.0 0.0 
BC28 R 87.5 12.5 0.0 0.0 0.0 
BC 8 R 43.8 56.3 0.0 0.0 0.0 
BC26 R 87.5 12.5 0.0 0.0 0.0 
I3C29 R 87.5 12.5 0.0 0.0 0.0 
BC39 R 50.0 37.5 12.5 0.0 0.0 
1373 contribution to BCn = [# of bins of Chr.S homozygous B73B73 + (0.5 x # of bins heterozygous 
B73 )_~ /total # of bins surveyed in Chr.S ~. 100. The same procedure was used for B52, NPI, NP2 and 
missing data 
I' = Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
intermediate; S= susceptible 
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Table 3.9. Genetic Contribution in Percentage to Chromosome 6 of BC lines from the 
B73/B52 Population 
Genotype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
BC3 3 S 100.0 0.0 0.0 
BC32 I 100.0 0.0 0.0 
BC8 I 75.0 25.0 0.0 
BC35 I 1.00.0 0.0 0.0 
BC34 I 87.5 12.5 0.0 
BC36 I 37.5 50.0 12.5 
BC40 I 50.0 37.5 12.5 
BC 15 I 50.0 37.5 12.5 
BC12 I 50.0 37.5 12.5 
BC24 I 37.5 50.0 12.5 
BC22 I 75.0 25.0 0.0 
BC37 I 37.5 50.0 12.5 
BC7 I 75.0 25.0 0.0 
BC31 I 100.0 0.0 0.0 
BC25 I 37.5 50.0 12.5 
BC9 R 75.0 25.0 0.0 
BC2l R 75.0 25.0 0.0 
BC 19 R 75.0 25.0 0.0 
BC10 R 75.0 25.0 0.0 
BG7 R 37.5 50.0 12.5 
BC20 R 75.0 25.0 0.0 
BC 14 R 50.0 37.5 12.5 
BC23 R 68.8 18.8 12.5 
BC27 R 37.5 50.0 12.5 
BC 16 R 50.0 37.5 12.5 
BG 8 R 37.5 50.0 12.5 
BC 13 R 50.0 37.5 12.5 
BC30 R 1.00.0 0.0 0.0 
BC 1. 1 R 50.0 37.5 12.5 
BC28 R 50.0 37.5 12.5 
BC18 R 37.5 50.0 12.5 
BC26 R 62.5 25.0 12.5 
BC29 R 37.5 50.0 12.5 
BC39 R 25.0 62.5 12.5 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
B73 COntrlbut1011 t0 BC11 = ~# Of b111S Of Chr.6 homozygous B73B73 + (0.5 x # of bins heterozygous 
B73 )] /total # of bins surveyed in Chr.6 x 100. The same procedure was used for B52, NP1, NP2 and. 
missing data 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
interl»ediate; S= susceptible 
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Table 3.10. Genetic Contribution in Percentage to Chromosome 7 of BC lines fioln the 
B73/B52 Population 
Genotype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
BG3 S 62.5 37.5 
BC32 I 75.0 25.0 
Bc8 I loo.o o.o 
BC35 I 75.0 25.0 
BG4 I 75.0 25.0 
BG 6 I 1.00.0 0.0 
BC40 I 81.3 18.8 
BC15 I 75.0 12.5 
BC 12 I 75.0 25.0 
BC24 I 75.0 0.0 
BC22 I 87.5 12.5 
BC3 7 I 1.00.0 0.0 
BC7 I 87.5 12.5 
BG1 I 62.5 37.5 
BC25 I 50.0 0.0 
BC9 R 75.0 25.0 
BC2l R 87.5 1..2.5 
BC 19 R 75.0 25.0 
BC 10 R 87.5 12.5 
BC 17 R 100.0 0.0 
BC20 R 81.3 18.8 
BG4 R 75.0 25.0 
BC23 R 68.8 0.0 
BC27 R 75.0 0.0 
BC l 6 R 75.0 25.0 
BC38 R 62.5 0.0 
BC13 R 75.0 25.0 
BGO R 62.5 37.5 
BC 1 1 R 75.0 25.0 
BC28 R 56.3 0.0 
BC18 R 1..00.0 0.0 
BC26 R 68.8 0.0 
BC29 R 50.0 0.0 
BC39 R 50.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
o.o o.o o.o 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
12.5 0.0 0.0 
0.0 0.0 0.0 
2 5.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
5 0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
31.3 0.0 0.0 
2 5.0 0.0 0.0 
0.0 0.0 0.0 
3 7.5 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
4 3.8 0.0 0.0 
0.0 0.0 0.0 
31.3 0.0 0.0 
5 0.0 0.0 0.0 
5 0.0 0.0 0.0 
B73 co»tribution to BCn = [# of bins of Chr.7 homozygous B73B73 + (0.5 x # of bins heterozygous 
B73 )] /total # of bins surveyed in Chr.7 x 100. The same procedure was used for B52, NP1, NP2 and 
n~issin~ data 
P =Degree of resistance to EG3 defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
intermediate; S= susceptible 
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Table 3.11. Genetic Contribution in Percentage to Chromosome 8 of BC lines from the 
B73/B52 Population 
Genot~~pe/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
BC33 S 100.0 0.0 0.0 0.0 0.0 
BC32 I 94.4 5.6 0.0 0.0 0.0 
BC8 I 77.8 22.2 0.0 0.0 0.0 
BC35 I 100.0 0.0 0.0 0.0 0.0 
BC34 I 100.0 0.0 0.0 0.0 0.0 
BC36 I 88.9 11.1 0.0 0.0 0.0 
BC40 I 44.4 44.4 1 1.1 0.0 0.0 
BC 15 I 88.9 0.0 11.1 0.0 0.0 
BC 1.2 I 77.8 1.1.1. 11.1 0.0 0.0 
BC24 I 33.3 66.7 0.0 0.0 0.0 
BC22 I 88.9 11.1 0.0 0.0 0.0 
BC37 I 88.9 1.1.1 0.0 0.0 0.0 
BC7 I 88.9 11.1 0.0 0.0 0.0 
BC31 I 100.0 0.0 0.0 0.0 0.0 
BC2.5 I 38.9 61.1 0.0 0.0 0.0 
BC9 R 88.9 11.1 0.0 0.0 0.0 
BC21 R 88.9 11.1 0.0 0.0 0.0 
BC19 R 88.9 11.1 0.0 0.0 0.0 
BC 10 R 83.3 16.7 0.0 0.0 0.0 
BC 17 R 1.00.0 0.0 0.0 0.0 0.0 
BC20 R 88.9 11.1 0.0 0.0 0.0 
BC14 R 77.8 11.1 11.1 0.0 0.0 
BC23 R 33.3 66.7 0.0 0.0 0.0 
BC27 R 55.6 44.4 0.0 0.0 0.0 
BC 16 R 66.7 22.2 11.1 0.0 0.0 
BC38 R 55.6 44.4 0.0 0.0 0.0 
BC 13 R 61.1. 27.8 11.1 0.0 0.0 
BC30 R 100.0 0.0 0.0 0.0 0.0 
BC 1 l R 66.7 22.2 11.1 0.0 0.0 
BC28 R 33.3 66.7 0.0 0.0 0.0 
BC18 R 88.9 11.1 0.0 0.0 0.0 
BC26 R 33.3 66.7 0.0 0.0 0.0 
B C29 R 3 3.3 66.7 0.0 0.0 0.0 
BC39 R 55.6 44.4 0.0 0.0 0.0 
B73 contribution to BCn = [# of bins of Chr.B homozygous B73B73 + (0.5 x # of bins heterozygous 
B7 3 )_~ /total # of bins surveyed in Chr.8 x 100. The same procedure was used for B52, NPI, NP2 and 
missing data 
P = Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
intermediate; S= susceptible 
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Table 3.12. Genetic Contribution in Percentage to Chroinoso~ne 9 of BC lines from the 
B73/B52 Population 
Genotype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
BC33 S 43.8 37.5 18.8 0.0 0.0 
BG2 I 50.0 37.5 12.5 0.0 0.0 
BC8 I 62.5 37.5 0.0 0.0 0.0 
BC3 S I 31.3 56.3 12.5 0.0 0.0 
BC34 I 18.8 56.3 25.0 0.0 0.0 
BC36 I 43.8 43.8 12.5 0.0 0.0 
BC40 I 50.0 50.0 0.0 0.0 0.0 
BC 15 I 62.5 25.0 12.5 0.0 0.0 
BC12 I 75.0 12.5 12.5 0.0 0.0 
BC24 I 37.5 50.0 12.5 0.0 0.0 
B C22 I 62.5 3 7.5 0.0 0.0 0.0 
BG7 I 37.5 50.0 12.5 0.0 0.0 
BC7 I 62.5 37.5 0.0 0.0 0.0 
BC31 I 50.0 37.5 12.5 0.0 0.0 
BC25 I 37.5 50.0 12.5 0.0 0.0 
BC9 R 62.5 37.5 0.0 0.0 0.0 
B C21 R 62.5 3 7.5 0.0 0.0 0.0 
BC19 R 62.5 37.5 0.0 0.0 0.0 
BC 10 R 62.5 37.5 0.0 0.0 0.0 
BC17 R 43.8 31.3 12.5 0.0 12.5 
BC20 R 62.5 37.5 0.0 0.0 0.0 
BC 14 R 75.0 1.2.5 12.5 0.0 0.0 
BC23 R 81.3 18.8 0.0 0.0 0.0 
13C27 R 87.5 1.2.5 0.0 0.0 0.0 
BC16 R 62.5 25.0 12.5 0.0 0.0 
BG8 R 31.3 62.5 6.3 0.0 0.0 
BC13 R 75.0 12.5 12.5 0.0 0.0 
BC30 R 50.0 37.5 12.5 0.0 0.0 
BC 11 R 75.0 1.2.5 12.5 0.0 0.0 
BC28 R 50.0 50.0 0.0 0.0 0.0 
BC1.8 R 37.5 50.0 12.5 0.0 0.0 
BC26 R 62.5 37.5 0.0 0.0 0.0 
B C29 R 43.8 S 0.0 6.3 0.0 0.0 
BG9 R 25.0 62.5 12.5 0.0 0.0 
I37 ~ cc~ntributlon t0 BCn = ~# Of bins of ClIr.9 homozygous B73B73 + (0.5 x # of bins heterozygous 
1373 )] /total # of bins surveyed in Chr9 x 100. The same procedure was used for B52, NP1, NP2 and 
il~issing data 
I' =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.10): R =resistant; I = 
intermediate; S= susceptible 
97 
Table 3.13. Genetic Contribution in Percentage to Chromosome 10 of BCC lines from the 
B73/B52 Population 
Genotype/ P B73 B52 Non-parental 1 Non-parental 2 Missing data 
BC 3 3 S 87.5 12.5 0.0 0.0 0.0 
BC32 I 87.5 12.5 0.0 0.0 0.0 
BC8 I 37.5 50.0 12.5 0.0 0.0 
B C 3.5 I 100.0 0.0 0.0 0.0 0.0 
BC34 I 75.0 12.5 0.0 12.5 0.0 
BC36 I 75.0 25.0 0.0 0.0 0.0 
BC40 I 50.0 50.0 0.0 0.0 0.0 
BC l 5 I 75.0 25.0 0.0 0.0 0.0 
BCl2 I 75.0 25.0 0.0 0.0 0.0 
BC24 I 1.00.0 0.0 0.0 0.0 0.0 
BC22 I 50.0 37.5 12.5 0.0 0.0 
BC3 7 I 87.5 12.5 0.0 0.0 0.0 
BC7 I 37.5 50.0 12.5 0.0 0.0 
BC31 I 87.5 12.5 0.0 0.0 0.0 
BC25 I 87.5 12.5 0.0 0.0 0.0 
BC9 R 75.0 25.0 0.0 0.0 0.0 
BC21 R 50.0 37.5 12.5 0.0 0.0 
I3C l 9 R 50.0 37.5 12.5 0.0 0.0 
I3C10 R 75.0 25.0 0.0 0.0 0.0 
BCl7 R 87.5 12.5 0.0 0.0 0.0 
BC20 R 50.0 37.5 12.5 0.0 0.0 
BC14 R 75.0 25.0 0.0 0.0 0.0 
BC2 3 R 100.0 0.0 0.0 0.0 0.0 
BC27 R 75.0 25.0 0.0 0.0 0.0 
BC ] 6 R 75.0 25.0 0.0 0.0 0.0 
BC38 R 75.0 25.0 0.0 0.0 0.0 
BC13 R 75.0 25.0 0.0 0.0 0.0 
BC 3O R 87.5 12.5 0.0 0.0 0.0 
BC l 1 R 75.0 25.0 0.0 0.0 0.0 
BC28 R 75.0 25.0 0.0 0.0 0.0 
I3CC18 R 75.0 25.0 0.0 0.0 0.0 
BC26 R 75.0 25.0 0.0 0.0 0.0 
BC29 R 75.0 25.0 0.0 0.0 0.0 
BC39 R 87.5 12.5 0.0 0.0 0.0 
I373 contribution to BCn = [# of bins of Chr.10 homozygous B73B73 + (0.5 x # of bins heterozygous 
B73__ )] /total # of bins surveyed in Chr.10 ~ 100. The same procedure was used for B52, NP1, NP2 and 
missing data 
P = Degree of resistance to ECI3 defined by LSD analysis (see C1lapter 2 Table 2.1.0): R =resistant; I = 
intermediate; S= susceptible 
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Table 3.14. Genetic Contribution (in Percentage) by Bin of the BC lines from the 
B73/B52 Population 
I3in B73 B52 Non-parental 1 Non-parental 2 Missing data 
1 .00 44.1 5 5.9 0.0 0.0 0.0 
1.01 91.2 8.8 0.0 0.0 0.0 
1.02 94.1 0.0 0.0 0.0 5.9 
1 .03 64.7 23.5 11.8 0.0 0.0 
-1.05 97.1 2.9 0.0 0.0 0.0 
1 .06 3 2.4 20.6 47.1 0.0 0.0 
.06-1.07 29.4 70.6 0.0 0.0 0.0 
1 .07 29.4 70.6 0.0 0.0 0.0 
1 .08 98.5 1.5 0.0 0.0 0.0 
1 .09 58.8 8.8 32.4 0.0 0.0 
1.1.0 94.1 5.9 0.0 0.0 0.0 
1 . 1 1 51. .5 48.5 0.0 0.0 0.0 
1 .12 58.8 5.9 35.3 0.0 0.0 
2.00 26.5 50.0 23.5 0.0 0.0 
2.01 97.1 2.9 0.0 0.0 0.0 
2.01-2.02 5 8.8 26.5 14.7 0.0 0.0 
2..03 61.8 0.0 32.4 5.9 0.0 
2.04 98.5 1.5 0.0 0.0 0.0 
2.05 61.8 38.2 0.0 0.0 0.0 
2.06 76.5 0.0 23.5 0.0 0.0 
2.07 98.5 1.5 0.0 0.0 0.0 
2.08 64.7 35.3 0.0 0.0 0.0 
2.09 5 7.4 42.6 0.0 0.0 0.0 
2..10 85.3 14.7 0.0 0.0 0.0 
x.00 79.4 0.0 20.6 0.0 0.0 
3.01 88.2 0.0 11.8 0.0 0.0 
3.02 52.9 47.1 0.0 0.0 0.0 
3.03 70.6 20.6 8.8 0.0 0.0 
3.04 60.3 25.0 14.7 0.0 0.0 
3.06 55.9 38.2 5.9 0.0 0.0 
3.07 58.8 41.2 0.0 0.0 0.0 
.08 75.0 7.4 17.6 0.0 0.0 
x.09 85.3 0.0 14.7 0.0 0.0 
3.10 1.00.0 0.0 0.0 0.0 0.0 
B73 c~~ntribution to bill j~ _ [# ~f~ BC lines homozygous for B73 at bin n + (0.5 a # of BC lines hetel-ozygous 
B73 ~~t bin r~)] %total # of BC l ines su~~veyed) x 100. The same procedure was used for B52, NP1, NP2 and 
missing data 
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Table: 3.14 coat. Genetic Contribution (in Percentage) by Bin of the BC lines from the 
B73/B52 _Population 
f~~n B73 B52 Non-parental 1 Non-parental 2 Missing data 
4.00-4.01 
4.01 
4.03 
4.04 
4.05 
4.06 
4.07 
4.08 
4.09 
4.10 
4.11 
5.00 
5.01 
5.02 
5.03 
5.05 
5.06 
>.07 
5.08 
6.00 
6.01 
6.02 
6.0 3-6.04 
6.04 
6.05 
6.06 
6.07 
7.00 
7.00-7.01 
7.01. 
7.02 
7.03 
7.04 
7.05 
7.06 
100.0 
60.3 
47.1 
91. .2 
82.4 
91.2 
94.1 
58.8 
52.9 
67.6 
70.6 
1.00.0 
52.9 
51. .5 
73.5 
38.2 
91.2 
41.2 
55.9 
47.1 
44.1 
67.6 
83.8 
58.8 
67.6 
38.2 
82.4 
79.4 
27.9 
66.2 
75.0 
73.5 
88.2 
100.0 
100.0 
0.0 
8.8 
52.9 
8.8 
17.6 
8.8 
0.0 
41.2 
29.4 
1.1.8 
1.1.8 
0.0 
41.2 
39.7 
26.5 
52.9 
2.9 
58.8 
44.1 
52.9 
55.9 
32.4 
16.2 
8.8 
32.4 
35.3 
17.6 
17.6 
45.6 
10.3 
8.8 
11.8 
1.1.8 
0.0 
0.0 
0.0 0.0 0.0 
25.0 5.9 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
5.9 0.0 0.0 
0.0 0.0 0.0 
17.6 0.0 0.0 
20.6 0.0 0.0 
17.6 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 5.9 
8.8 0.0 0.0 
0.0 0.0 0.0 
8.8 0.0 0.0 
0.0 0.0 5.9 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
32.4 0.0 0.0 
0.0 0.0 0.0 
26.5 0.0 0.0 
0.0 0.0 0.0 
2.9 0.0 0.0 
26.5 0.0 0.0 
23.5 0.0 0.0 
16.2 0.0 0.0 
14.7 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
B73 contl ibution to bin i~ _ [# ot~ BC lines homozygous for B73 at bin n + (0.5 x # of BC lines heterozygous 
B73 <<t bin n)] /total # of BC lines surveyed) x 100. The salve procedure was used fol- B52, NPI, NP2 and 
missing data 
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Table 3.14 coat. Genetic Contribution (in Percentage) by Bin of the BC lines from the 
B73/B52 Population 
13in B73 B52 Non-parental 1 Non-parental 2 Missing data 
~.Ol 
x.02 
8.03 
x.04 
~.OS 
. 06 
x.07 
8.08 
8.09 
9.01 
9.02 
9.03 
9.04 
9.05 
9.06 
9.07 
9.08 
10.00 
10.01 
10.02 
10.03 
10.04 
1(.).05 
10.05 
10.06 
10.07 
79.4 
73.5 
58.8 
1.00.0 
52.9 
79.4 
77.9 
70.6 
72.1. 
82.4 
30.9 
29.4 
52.9 
25.0 
70.6 
70.6 
70.6 
69.1 
100.0 
50.0 
44.1 
94.1 
100.0 
0.0 
61.8 
75.0 
0.0 
26.5 
41.2 
0.0 
47.1 
20.6 
22.1 
29.4 
27.9 
14.7 
69.1 
67.6 
47.1 
45.6 
11.8 
16.2 
29.4 
30.9 
0.0 
50.0 
55.9 
5.9 
0.0 
0.0 
1.7.6 
25.0 
20.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.9 
0.0 
29.4 
17.6 
13.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
17.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
B73 contribution to bin ~ _ [# of BC lines homozygous for B73 at bin n + (0.5 x # of BC lines heterozygous 
B7 ~ ~~t bin n)] /total # of BC lines surveyed) x 100. The same procedure was used for B52, NP1, NP2 and 
missing data 
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Table 3.15. P values for loci showing deviation from expected parental contribution 
and/or association between. % of damage and alleles present at that locus 1
Primer 
. ~ 1' ~l 1 r~ 
Adjusted ANOVA mean ANOVA ANOVA Bin ~+11i-s uare3 environlnent4 AAERCS Idea Farm' q 
Lund 106 1.00 <0.0001 0.0043 0.0021 0.0602 
umc 1 3 3 5 1 .06-1.07 <0.0001 0.6202 0.6275 0.0718 
ulnc 1 356 1.07 <0.0001 0.6407 0.4026 0.8643 
umc 1 ~ 06 1.09 1.0000 0.0282 0.0729 0.0127 
phi 3 C) 8 707 1..1.0 1 .0000 0.0001 0.0002 0.003 0 
umc1421 1..11 0.0188 0.3418 0.3110 0.2518 
phi402893 2.00 0.0188 0.0131 0.0211 0.0388 
umcl >52 2.01-2.02 0.1692 0.0157 0.0576 0.0129 
dupssr2l 2.05 <0.0001 0.0964 0.0335 0.4129 
bn1g1893 2.09 <0.0001 0.1803 0.0261 0.8106 
umc2184 2.10 0.0282 0.0351 0.0147 0.2244 
phi3 741.18 3.02 <0.0001 0.25 31 0.2472 0.463 5 
phi029 3.04 0.1316 0.0217 0.0564 0.0279 
dupssr23 3.06 <0.0001 0.0520 0.0750 0.1121 
umc 1.528 3.07 0.0094 0.1108 0.2982 0.0434 
umc2174 3.08 <0.0001 0.5261 0.8130 0.3088 
umc2082 4.03 <0.0001 0.4461 0.3947 0.6446 
phi. 096 4.04 <0.0001 0.5644 0.1740 0.5278 
U111c2027 4.06 1.0000 0.0410 0.2357 0.0046 
:phi. 093 4.08 0.0094 0.1418 0.3215 0.0726 
bnlg 1 3 82 S .O l <0.0001 0.5221 0.8919 0.1.001 
umc 15 87 5.02 <0.0001 0.4905 0.9286 0.0974 
umc1822 5.05 <0.0001 0.7349 0.6286 0.9694 
phi 087 5.06 1.0000 0.0028 0.0024 0.0296 
_phi 048 5.07 <0.0001 0.0057 0.0052 0.0578 
umc1792 5.08 <0.0001 0.1871 0.0579 0.8159 
bnlg 1043 6.00 <0.0001 0.0228 0.0021 0.4489 
Y1 ssr 6.01 <0.0001 0.1450 0.0262 0.9072 
mmc 0171 7.00-7.01 0.0094 0.6766 0.5214 0.3284 
umc 1944 7.04 1 .0000 0.0359 0.0445 0.0897 
~ Loci not showed i~1 the Table presented neither deviation from the expected pl-oportion nor association 
between the trait and t}1e alleles present at those loci. 
' Primer pair details such as sequences and map position were obtained from Maize DB 
~w`vw.ngron.m i_ssouri.edu 
~' P val~~e for Chi-square test comparing observed and expected genetic frequencies at each locus 
-' ANOVA for comparison of % of damage means among BC lines homozygous for B72, B52 and heterozygous 
at each locus in the mean environment 
Same as ANOVA i~~ea~~ elwii~~~i~~rz~j~t but for AAERC only 
~' Same as ANOVA m~a» ~nvi~~oi~i~~~nt but for Iden Farm only 
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Table 3.15 Cont. P values for loci showing deviation from expected parental contribution 
and./or association between. % of damage and alleles present at that locus ~ 
Primer 
. ~ 
P~111' 
Adjusted ANOVA mean ANOVA ANOVA Bin. ~~~hi-s uare3 environment4 AAERCs Idea Farm 
umc 1974 
phi. 1 1 
bldg 162 
phi_ 0 8 0 
umc 163 8 
bnlg 12 88 
dupssr 6 
umc 1743 
bnlg 1714 
unlc 1657 
un~ c l 8 04 
umc1982 
u111C 1 3 3 7 
bnlg 2.10 
8.02 
8.03 
8.05 
8.08 
8.09 
9.01 
9.02 
9.03 
9.04 
9.05 
9.07 
9.08 
1.0.02 
10.03 
0.1786 
<0.0001 
0.0094 
<0.0001 
0.1880 
1 .00000 
<0.0001 
<0.0001 
<0.000 l 
<0.0001 
<0.0001 
0.1222 
<0.0001 
<0.0001 
0.0114 
0.0096 
0.1556 
0.0549 
0.0243 
0.0197 
0.8218 
0.5707 
0.2490 
0.175 8 
0.2195 
0.0131 
0.4231 
0.1934 
0.03 89 
0.0032 
0.3581 
0.0421 
0.0374 
0.0610 
0.6896 
0.9187 
0.63 3 8 
0.4611 
0.5495 
0.0332 
0.4121 
0.2443 
0.0100 
0.1318 
0.0715 
0.2309 
0.0749 
0.0165 
0.2043 
0.2773 
0.0255 
0.0393 
0.1228 
0.0187 
0.5672 
0.2313 
' Loci not showed in the Table presented neither deviation from the expected proportion nor association 
between the trait and the alleles present at those loci. 
Primer pair details such as sequences, map position, etc, were obtained from Maize DB 
~, (w~~~w.agron.missouri.edu)
~' P val~ie for Chi-square test comparing observed and expected genetic frequencies at each locus 
`~ ANOVA for comparison of %~ of damage means among BC lines homozygous for B72, B52 and heterozygous 
at each locus in the mean environment 
Fame as ANOVA »yeah ~~wihc~i~»~~~t but for AAERC only 
~' Same as ANOVA l~~ea~ e~~vlj~oi~ment but for Iden Farm only 
Table 3.16. Genetic Contribution in Percentage to the Genome of BC lines from the 
B73/DE811 Population 
Genot~~pe/ P B73 I~E811 Non-parental 1 Non-parental 2 Missing data 
DEBCv7 I 81.8 18.2 
DFBC~9 I 78.4 14.8 
DEBC+S I 82.4 17.6 
DEBCB I 79.5 14.8 
DEBC~6 I 81.2 18.8 
DEBL 10 R 43.8 55.1 
0.0 
6.8 
0.0 
5.7 
0.0 
1.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
B73 contribution t0 DEBCII = ~~~ Of b1nS 11o1710ZygOUS B73B73 + (0.5 x # of bins heterozygous B73_ )] /total 
# of bins surveyed x 100. The same procedure was used for DE811, NP1, NP2 and missing data 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): R = resistant; I = 
intermediate; S= susceptible 
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Table 3.17. Genetic Contribution in Percentage to Chromosome 1 
of BC lines frol~l the B73/DE811 Population 
Genotype/ P B73 DE811 Non-parental 1 
DEBC? I 66.7 
DEBCS I 53.3 
DEI3C~5 I 95.8 
DEBC 8 I 79.2 
DEBC6 I 100.0 
DEBC 10 R 25.0 
33.3 
8.3 
4.2 
12.5 
0.0 
75.0 
0.0 
8.3 
0.0 
8.3 
0.0 
0.0 
1373 contribution to DEBCn = [# of bins of Chr. l homozygous B73B73 + (0.5 x # of 
bins heterozygous B73_ )] /total # of bins surveyed in Chr.l x 100. The same 
procedure was used for DE81 1 and NP1 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): 
R =resistant; I =intermediate; .'= susceptible 
Table 3.18. Genetic Contribution in Percentage to Chromosome 2 
of BC lines from the B73/DE811 Population 
(Jenot}ape/ P B73 DES 11 Non-parental 1 
_DEBC? I 62.5 
DEBCS I 75.0 
DEBCS I 75.0 
DEBCS I 87.5 
DEBC6 I 62.5 
DEBC 10 R 62.5 
37.5 
12.5 
25.0 
12.5 
37.5 
37.5 
0.0 
1.2.5 
0.0 
0.0 
0.0 
0.0 
I373 contribution t0 DEBCi1 = ~# Of b111S Of Chr.2 homozygous B73B73 + (0.5 x # of 
bins heterozygous B73_ )] /total # of bins surveyed in Chr.2 x 100. The same 
procedure was used for DE81 l and NPI 
P = Dcgree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): 
R =resistant; I =intermediate; S= susceptible 
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Table 3.19. Genetic Contribution in Percentage to Chromosome 3 
of BC lines from the B73/DE811 Population 
Genotype/ P B73 DE811 Non-parental 1 
DEBC7 I 100.0 
DEBC9 I 70.0 
_DEB C 5 I 1.00.0 
DEBCB I 65.0 
DEBC6 I 1.00.0 
DEBC 10 R 35.0 
0.0 
3 0.0 
0.0 
35.0 
0.0 
65.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
B73 contl'ibution to DEBCn = [# of bins of Chr.3 homozygous B73 B73 + (0.5 x # of 
bins heterozygous B73_ )] /total # of bins surveyed in Chr.3 x 100. The same 
proce--dare was used for DE81 1 ~~nd NP1 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): 
R =resistant; I =intermediate; S= susceptible 
Table 3.20. Clenetic Contribution in Percentage to Chromosome 4 
of BC lines from the B73/DE811 Population. 
Genotype/ P B73 DE811 Non-parental 1 
DEBC7 I 90.9 
DEBC9 I 81.8 
DEBCS I 72.7 
DEBCB I 81. .8 
DEBC6 I 77.3 
DEBCI 0 R 63.6 
9.1 
18.2 
27.3 
18.2 
22.7 
27.3 
0.0 
0.0 
0.0 
0.0 
0.0 
9.l 
I37 ~ cc~ntrlbutlon t0 DEBCn = I~t Of b111S Of CI1r.4 homozygous B73B73 + (0.5 x # of 
bins heterozygous B73_ )] / tot~ll # of bins surveyed in Chr.4 x 100. The same 
procedure was used for DE811 ~1nd NP1 
P = I-degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): 
R =resistant; I =intermediate; S= susceptible 
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rhablc 3.21. Genetic Contribution in Percentage to Chromosome 5 
of BC lines from the B73/DE811 Population 
Genotype/ P B73 DE811 Non-parental 1 
DEBC7 I 81.8 
DEBC9 I 100.0 
=DEB C 5 I 90.9 
-DEB C 8 I 100.0 
DEBC6 I 90.9 
DEBC 10 R 9.1 
18.2 
0.0 
9.1 
0.0 
9.1 
90.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1373 contribution to DEBCn = (fit of bins of Chr.S homozygous B73B73 + (0.5 x # of 
bins heterozygous B73_ )] /total # of bins surveyed in Chr.S x 100. The same 
procedure was used for DE811 and NP1 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): 
R =resistant; I =intermediate; S= susceptible 
Table 3.22. Genetic Contribution in Percentage to Chromosome 6 
of BC lines from the B73/DE811 Population 
Genotype/ P B73 DE811 Non-parental 1 
DEBC7 I 100.0 
DEBC9 I 28.6 
DEBCS I 1.00.0 
DEBCB I 28.6 
DEBC6 I 100.0 
DEBC~ 10 R 28.6 
0.0 
1.4.3 
0.0 
14.3 
0.0 
71.4 
0.0 
57.1 
0.0 
57.1 
0.0 
0.0 
B73 contribution to DEBCn = [~# of bins of Chr.6 homozygous B73B73 + (0.5 x # of 
bins heterozygous B73_ )] /total # of bins surveyed in Chr.6 x 100. The same 
proced~~re was used for DE81 l ~lnd NP1 
P =Degree of resistance to ECI3 defined by LSD analysis (see Chapter 2 Table 2.21): 
R =resistant; I =intermediate; :'= susceptible 
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Table 3.23. Genetic Contribution in Percentage to Chromosome 7 
of BC lines from the B73/DE811 Population 
Genotype/ P B73 DES 11 Non-parental 1 
DEBC? I 57.1 
DEBC9 I 71.4 
DEBCS I 57.1 
:DEBCS I 85.7 
DEBC6 I 57.1 
DEBC 10 R 71.4 
42.9 
28.6 
42.9 
14.3 
42.9 
28.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
B73 contribution to DEBCn = [# of bins of Chr.7 homozygous B73 B73 + (0.5 x # of 
bins heterozygous B73_ )] /total # of bins surveyed in Chr.7 x 100. The same 
procedure was used for DE81 l and NP 1 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): 
R =resistant; I =intermediate; S= susceptible 
Table 3.24. Genetic Contribution in Percentage to Chromosome 8 
of B C lines from the B 73/DE811 Population 
Genotype/ P B73 DE811 Non-parental 1 
DEBC? I 100.0 
DEBC9 I 75.0 
DEBCS I 87.5 
DEBCS I 100.0 
DEBC6 I 75.0 
DEBC 10 R 75.0 
0.0 
25.0 
12.5 
0.0 
25.0 
25.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
B73 contribution to DEBCn = (# of bins of Chr.B homozygous B73 B73 + (0.5 x # of 
bins hetel-ozygous B73_ )] /total # of bins surveyed in Chr.B x 100. The same 
procedure was used for DES N and NP 1 
P = Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): 
R = resistant; I =intermediate; S= susceptible 
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Table 3.25. Genetic Contribution in Percentage to Chromosome 9 
of BC lines from the B73/DE811 Population 
Genotype/ P B73 DE811 Non-parental 1 
DEBC7 I 87.5 
DEBC9 I 100.0 
DEBCS I 87.5 
DEBCB I 100.0 
DEBC+6 I 87.5 
DEBC 1.0 R 12.5 
12.5 
0.0 
12.5 
0.0 
12.5 
87.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1373 contribution to DEBCn = ~#1 of bins of Chr9 homozygous B73 B73 + (0.5 x # of 
bins 1~eterozygous B73_ )] /total # of bins surveyed in Chr.9 x 100. The same 
proced~~l-e was used for DE81 l end NP1 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): 
R =resistant; I =intermediate; S= susceptible 
Table 3.26. Genetic Contribution in Percentage to Chromosome 10 
of BC lines from the B73/DE811 Population 
Ge~lotype/ P B73 DE811 Non-parental 1 
DEBC7 I 66.7 
=DEBC9 I 83.3 
=DEBCS I 33.3 
DEBCB I 50.0 
DEBC6 I 33.3 
DEBC 10 R 83.3 
33.3 
1.6.7 
66.7 
50.0 
66.7 
16.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
B7 ~ contribution to DEBCn = [# of bins of Chr.10 Homozygous B73B73 + (0.5 x # of 
bins Heterozygous B73_ )] / total # of bins surveyed in Chr.10 x 100. The salve 
procedure was used for DE81 1 and NPl 
P =Degree of resistance to ECB defined by LSD analysis (see Chapter 2 Table 2.21): 
R =resistant; I =intermediate; S= susceptible 
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Figure 3.11. Graphical Genotypes of Chromosomes land 2 for BC lines 
derived from B73/DE811 Population 
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`' Polymorphism. could not be found at this bin with the primer pairs available 
Phenotype for ECB resistance: IZ =resistant; I =intermediate; S= susceptible 
A =Homozygous for B73 allele; B =Homozygous for DE811 allele; C =Heterozygous B73/DE811; 
D =Homozygous for Non-parental l allele; E =Homozygous Non-parental 2; 
X =Heterozygous B73/NP1; Y =Heterozygous DE811/NPI; M =Missing data 
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Figure 3.12. Graphical Genotypes of Chromosomes 3 and 4 for BC lines 
derived from B73/DE811 Population 
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Polymorphism could not be found at this bin with the primer pairs available 
Phenotype for ECB resistance: Il =resistant; I =intermediate; S= susceptible 
A =Homozygous for B73 allele; B =Homozygous for DE811 allele; C =Heterozygous B73/DE811; 
D =Homozygous for Non-parental 1 allele; E =Homozygous Non-parental 2; 
X =Heterozygous B73/NP1; Y =Heterozygous DE811/NP1; M =Missing data 
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Figure 3.13. Graphical Genotypes of Chromosomes 6 and 7 for BC lines 
derived from B73/DE811 Population 
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Polymorphism could not be found at this bin with the primer pairs available 
Phenotype for ECB resistance: 1Z = resistant; I =intermediate; S= susceptible 
A =Homozygous for B73 allele; B =Homozygous for DE811 allele; C =Heterozygous B73/DE811; 
D =Homozygous for Non-parental 1 allele; E =Homozygous Non-parental 2; 
X =Heterozygous B73/NP1; Y =Heterozygous DE811/NP1; M = Missing data 
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Figure 3.14. Graphical Genotypes of Chromosomes 7 and 8 for BC lines 
derived from B73/DE811 Population 
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Polymorphism could not be found at this bin with the primer pairs available 
Phenotype for ECB resistance: R =resistant; I =intermediate; S= susceptible 
A =Homozygous for B73 allele; B = Homozygous for DE811 allele; C =Heterozygous B73/DE811; 
D =Homozygous for Non-parental 1 allele; E =Homozygous Non-parental 2; 
X =Heterozygous B73/NP1; Y =Heterozygous DE811/NP1; M = Missing data 
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Figure 3.15. Graphical Genotypes of Chromosomes 9 and 10 for BC lines 
derived from B73/DE811 Population 
a~ Q 
0 
a~ 
C7 
Bin 
o_ 
U 
m 
w 0 
R 
co 
U 
m 
w 
0 
I 
U 
m 
w 
0 
I 
U 
m 
w 
0 
I 
U 
m 
w 
0 
I 
ti
U 
m 
w 
0 
I 
`9.00 
9.01 A B A B A B 
9.02 A A A A A 
9.03 A A A A A 
9.04 
9.05 
B 
~:;, 
A 
A 
A 
A 
A 
A 
A A 
A A 
9.06 B' A A A A A 
9.07 A A A A A 
9.08 B. A A A A ~A 
a~ Q 
0 
c a~ 
C~ 
Bin 
0 
U 
00 
w 
R 
U 
m 
w 
0 
I 
U 
m 
w 
0 
U 
m 
w 
0 
I I 
rn
U 
m 
w 
0 
I 
ti
U 
m 
w 
0 
I 
x10.00 
10.01 A B;.;' A B A 
10.02 
10.03 
10.04 
A 
A 
A 
B A B A B 
A B A B A 
B A B A A 
x10.05 
10.06 
10.07 
A A. 
A A 
A 
A 
"Polymorphism could not be found at this bin with the primer pairs available 
Phenotype for ECB resistance: It =resistant; I =intermediate; S= susceptible 
A =Homozygous for B73 allele; B =Homozygous for DE811 allele; C = Heterozygous B73/DE811; 
D =Homozygous for Non-parental 1 allele; E =Homozygous Non-parental 2; 
X =Heterozygous B73/NP1; Y =Heterozygous DE811/NP1; M =Missing data 
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GENERAL CONCLUSIONS 
Inbred lines (BC lines) selected for unproved resistance to stalk tunneling by the 
European corn borer (ECB) were developed following a backcross scheme in two 
populations, B 73 /B 5 2 and B 73 /DE81 l . The artificial selection conducted with ECB larvae 
during several seasons has been effective in the improvement of resistance. The performance 
of the BC lines can be as good as the resistant parent but not superior to it. This idea is 
supported by the fact that none of the BC lines showed higher resistance to ECB than B52 or 
DE811 in each of the respective populations. However, 19 of 34 BC lines had similar level of 
damage than B52 and 1 of 6 BC lines than DE811 in the other population. Also, all the BC 
lines (except BC33) were more resistant than B73 using % of damage as the variable for 
comparing genotypes. These observations support the idea of polygenic inheritance and 
additive gene action controlling the trait, previously reported in other studies. 
A lack of correlation. and linear association between plant height and % of damage 
was observed in BC lines derived from B73/B52 population. The BC lines derived from 
B73/DE811 showed a weal{ linear association betv~een these two variables only at AAERC. 
Thus, it is possible to suggest that plant height was not a significant factor in the assessment 
of tunneling. A weak linear association was found between anthesis date and % of damage 
for the BC lines derived from B73/B52 population only at Idea Farm. A different case is the 
poptalation B73/DE811 showing a highly significant correlation and linear association 
between both variables. The same observation was reported by Krakowsl~y et al. (2002). 
However, B73 is the earlier and most ECB susceptible genotype, and DE811 is the latest and 
most resistant genotype. These relationships could have biased the association. Pleiotropy 
and linkage of genes Inay affect the correlation between both traits. If pleiotropic and/or 
linkage relationships at different genes have same effects then they can contribute to a 
significant positive or negative correlation. 
The genome of the BC lines was described by graphical genotypes inferred 
fiom simple sequence repeats (SSRs) data. The observed contributions of alleles from B73 
and. the resistant parent (B _52 or DE811) to the genome of the BC lines were different from 
expected in the respective populations assuming absence of selection and linkage. The 
proportion of B52 in the genome of the BC lines was 2.9 to 5.2 times greater than expected 
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under the cited. assumptions. Similar deviation was observed for DE811 alleles in BC lines 
derived from B73/DE811 (2.3 to 8.8- fold). Several forces such as selection, genetic linkage 
and genetic drift could be affecting the proportion of alleles derived from each parent. The 
resistant parent allele derivation was not homogeneous along the genome of the BC lines. 
The relative contribution of B52, DE811 and B73 to certain regions of the BC lines' genomes 
and its possible relationship with the phenotype for resistance to ECB, could suggest the 
occurrence of positive selection of some alleles. Nineteen loci could be related with 
resistance to second-generation ECB in BC lines derived from B73/B52 population. 
However, this latter result was not adjusted for multiple statistical tests. One bin coincided 
with the location of a QTL for resistance found by both Schon et al. (1993) and. Cardinal et 
al. (2001. ). FOUr bins associated with reduced tunneling coincided with QTLs reported by 
only one of those studies. Both parents contributed alleles for resistance to stalk tunneling, 
though most were derived fiom B52. The small number of BC lines derived from 
I373/DE811 limited their genotypic analysis. However, the genomic regions showing high 
frequency of DE811 alleles were compared with QTLs found by Krakowsky et al. (2002). 
These observations suggested a lack of correspondence between regions that could be 
associated with resistance ill both studies. The lack of validation between QTLs or loci 
associated to a tl: ait detected. in different generations of the same population has been already 
reported (Melchinger et al ., 1998; Cardinal et al., 2001; Krakowsky et al., 2002). Several 
factors could cause the difference among distinct studies such as methods used for detection 
of QTLs or loci associated with the trait of interest, sample sizes, environment and 
inbreeding levels (Beavis, 1994; Melchinger et al., 1998; Cardinal et al., 2001). 
Reco111bil1ation distances between the same DNA markers lnay vary among experiments and 
pOpLl1at1011S. More variation may be noticed if different sets of molecular markers are used. 
The information from several populations was grouped in a pooled map created on the basis 
of DNA marl{ers in common (Maize DB). The Location of QTL was based in the results of 
only one population, and as a consequence the genetic distance between the markers flanking 
a QTL in that map could. be different from the pooled map. The presence of positive or 
negative false associations between genomic regions and phenotype could affect the 
comparison of graphical genotypes and QTL information. Moreover, QTL positions 
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estimated by different algorithms have confidence intervals of up to 20 cM (Cardinal et al., 
2001) limiting the precision of the studies. Thus, the capacity to find coincident regions is 
llmlted. 
